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ABSTRACT

To facilitate the processing and analysis of data recorded during transient
tests in the Spert reactors, a system of programs for the IBM-7040 computer
has been developed to (a) smooth and store data so they are readily accessible,
(b) calculate from the power history the reactivity and energy release as
functions of time, and (c) provide a means by which frequency response analyses
of data can be made. This report describes the mathematics employed in the
various programs in the system and the procedures necessary to process data

- with the system. Test and sample problems are presented, and a complete
listing of the source program is included.
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SPORT

A SYSTEM FOR PROCESSING REACTOR
TRANSIENT DATA ON THE IBM-7040 COMPUTER

i. INTRODUCTION

SPORT (System for Processing Reactor Transient Data) is a combination
of IBM-7040 computer programs which have been developed for the routine
processing of transient data obtained from the Spert reactors. The system
consists of three programs, SMOOTH [1l, REACTIVITY [2], and FREQUENCY
RESPONSE [3], originally developed for the IBM~7040 computer, and roiitines
for the initial preparation of the raw data.

The data preparation section of SPORT contains routines to (a) normalize
and shift the input data, (b) compute the natural logarithm of the data, and
(c) composite data from several differently scaled channels into a single
data trace.

The SMOOTH program is used to eliminate noise from the input data.
The program is, in effect, an adjustable low-pass filter having a sharp cut-off
characteristic. Data may be automatically recirculated through the SMOOTH
program in order to achieve the desired degree of smoothing. The technique
used in the program also yields the smoothed first derivative of the input data.

The REACTIVITY program is used to derive the reactivity as a function
of time from the power history of a reactor. The energy release is also calculated
by this program. Input data for this program must first be processed by the
SMOOTH program.

The FREQUENCY RESPONSE program is used to calculate the ratio of the
unilateral Fourier transforms of two input variables, This program was written
primarily for the purpose of obtaining the frequency response of a linear
system from the transient response of the system.

The programs contained in SPORT are normally used in sequence such
that the output of one program is usedas input to another. Although the programs
can be used separately, SPORT normally provides for the automatic sequencing
of the programs. This feature has eliminated much of the manual data handling
formerly required to process transient reactor data.

This report presents descriptions of the mathematical methods used in
each program in SPORT and instructions in the mechanics of processing data
with the system. Section II contains a discussion of options available for initial
data preparation and a description of the calculational procedure.used in each
of the three programs, SMOOTH, REACTIVITY, and FREQUENCY RESPONSE.
Section III, a description of the input format, is presented in three subsections:

(1) The processing options which are available to the user
(2) The necessary control cards

(3) The control card sequence.



Section IV contains a description of the output formats of the various programs
and examples of each type of output. Section V presents some sample problems
which illustrate the use of SPORT, In Section VI, problems which have been
used to test various portions of the system are described. In Section VII,
computer operating times are estimated. Proofs of some theorems used in
Section II, listings of the source programs, a listing of a programtoprepare
data . for input to SPORT, and a listing of a program to read a binary tape
produced with SMOOTH are contained in the appendixes,



1. PROGRAM LOGIC AND MATHEMATICS

1. DATA PREPARATION

Due to the nature of data which maybe processed by SPORT and the various
processes which may be applied to data, it is necessary to provide a means
for initial data preparation. Data preparation is accomplished before entering
the major programs (SMOOTH, REACTIVITY, and FREQUENCY RESPONSE)
and may be considered in three phases: (a) normalization and shifting of data,
(b) compositing data recorded from several channels into one data trace, and
(c) calculation of thc natural logarithm of the data.

A routine for normalizing and shifting data is provided in order to convert
raw data into physical units and to aid in the formation of composite traces

from several differently scaled data channels. Normalization and shifting of
data is accomplished by a simple linear transformation of the form

X = yX + 1
y =7 s (1)

where X = input data point (either abscissa or ordinate)

7 = normalizing coefficient
s = data shift
X7 = normalized and shifted point.

Of particular interest in data preparation is the problem of compositing
data from several channels into one data trace which covers a wide range of
values. For example, in power transients where the power may vary from an
initial value of a few watts to hundreds of megawatts, several instruments
covering various ranges of data must be used in recording the data., Data
recorded on the low range instruments (which saturate early in the transient)
must be fitted to the data obtained from the higher range instruments so that
one trace of data covering the entire transient is obtained. To form a good
composite data trace from two data channels, it is necessary that hoth the
overlapping data points and the slopes of the curves very nearly correspond.
To form a composite trace, the data values which are to overlap in the composite
channel are plotted; the normalizing and shifting coefficients required to make
data values correspond are determined; and the data are adjusted according to
Equation (1). No means areprovidedfor correcting errors in the slope of data
since suchanerror generally indicates nonlinearities inthe recording instrument.
Hence, a general method for correcting errors in slope cannot be devised.

As discussed in Section I1I-3, power data for calculating reactivity must
be in logarithmic form when used as input to the REACTIVITY program. Since
power data may not be recorded in logarithmic form, it is necessary to provide
a means by which the logarithm of data may be calculated. A standard subroutine
for evaluating the natural logarithm of data is used. If a logarithm to another
base is desired, it maybe obtained throughthe use of the normalizing coefficient;

ie,
logmx = <logme)é.ogex> . (2)

3



2. THE SMOOTH PROGRAM

2.1 Introduction

The SMOOTH program was written primarily for the purpose of removing
noise from digitized experimental data. Briefly, the technique used in SMOOTH
is that of least-squares fitting of parabolas to sections of input data. In general,
a parabola is fitted to the first n data points (where n is designated by the user),
and one smoothed point is taken from this parabola. The second smoothed point
is obtained by fitting a parahola to the second through the n + 1 data point,
the third smoothed point by fitting to the third through the n + 2 data point, and
so on. The smoothed data generated by the program are given at equal time
increments. It is not necessary, however, that the input data be given at equal
time increments.

2.2 Snintion of Equations

The process used in the SMOOTH program is illustrated in Figure 1. In
Figure 1, input data points, [tib f(ti)]) [ti+l, f(ti-l-l)]! v ooy [ti+59 f(ti+5)]a are
represented by x’s; and smoothed data points,[7j, Fj(7j)] and [tj,1,Fj+1(7j41)],
are represented by circles. It should be noted that the time value of the output
points, T; and T7j,1, may not necessarily correspond with any input time point.
The first parabola, Fj(1), is obtained by a least-squares fitting of a parabola to
the five data points, f(tj), f(tj+1), . . ., f(ti+4). These points are used since
7; is “centered” (as defined below) among the time points tj, t;,.1, ..., tju.
’IJhe smoothed value is obtained by evaluating Fj(rj). The time point 7j,7 is
centered among the pointst; 1,tj42,..., tj;5; So this smoothed point is obtained
by fitting a parabola Fji1(1) to f(tj,1), f(tj42), . ... f(tj+5) and evaluating

— F (U]
—— Fiy (T)

X — -Input Dote Poinfs

O Smoothed Data Points

DATA COORDINATES

I BV BV B
te ti+n Tj t+2 T t+3 ti+q f(+5
TIME COORDINATES

760-A-7239

Fig. 1 Process used in the SMOOTH program.
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Fj+1(Tj +1). The definition of the expression “centered”, the method of least-
squares fitting of a parabola to n data points, a description of a time shift
employed in SMOOTH to increase its accuracy, and the equations which are
solved in the program are discussed in detail in the following paragraphs.

The symbol, ti, in this discussion, used to represent time values of input
data points while the symbol, 1y, is usedto represent time values of the smoothed
data points. (The problem is complicated by the fact that there may be time
shifts in either or both of the time scales; but in this discussion, reference
is made only to time values corresponding to the time scale on the input data.)
In using the program, t,, the time point at which the first smoothed point is
desired must be furnished as an input parameter. Data time points, tj, tj;1,
. -+, tiym are then found so that ' is centered among thesc points. The
definition of centered, then, is that

[t. ttoa I<t <3t + g

iHm-1 iy i+L w1 3)

o~

s 4L
o] i+sm

(In this case, smoothing is on m + 1 points; so it is apparent from Equation (3)
that smoothing must always be on an odd number of points.) A parabola is
fitted to the data values f£(t;), f(tj,1), « ., f(ti;m); and the smoothed value
is taken to be the value ot1 the parabola at the point, t,. The time step, AT,
is then added to 7; ie, '

= + 4
=T, At 4)

and the process is repeated.

To determine a least-squares fit of a function, g(x), to points h(x1),h(xs),
. « «, h(x;), it is necessary to find the parameters of g(x) which make the sum

n

Z [n(x,.) - g(xK)J2
k=1

a minimum. In the case of the SMOOTH program, the problem is to fit a
parabola to a given number of data points, say n. If the parabola is written

F(t) = at® + bi + o (9)

then it is necessary to minimize the sum
n
2 _ 2 2
vi(a,b,c) = E [f(ti+k) at™, - b§i+k -clt . (6)
k=1

This function will be a minimum when

R U W 7
da_ - b =3c=o' ™




Equations (6) and (7) reduce to the matrix equation

5 22| | [ = |
n 5k Tk ¢ £(t;.4)
st 52 o3 b Se(t, ) t @)
{+k i+k {+k ' = i+k’ Yi+k
548 543 st 1 a se(h, ) t2
i i+k i+k itk | L ] I i+k itk
or ‘ ’ .
T.85=P )
where
) n
= 2 -
k=1

and T, S, and P are the matrices in Equation (8). The problem, then, reduces
to one of matrix inversion where :

S=T7".P (10)

It should be noted that the matrix, A
T, is dependent only upon time; and that
in certain time intervals, poor accuracy
is obtained in evaluating T-1l. To im-

) oj12+bjt+c1\ )
prove the accuracy of this calculation, < )/
4 tlme shift is employed in SMOOTH _~ 2
so that the time used in the calculation At+B,1+C,
is equal to the time of the data point
minus 7, the time point at which the
smoothed value is to be calculated.
This shifts the time values, -tj,1,.:. ., . T
titn, to points near the origin and ) R

: - 760— A—7206
oot hT, e himosien T2 T it awa e S5
this time shift. The coefficients cal-
culated by SMOOTH at a time point, 7j, say Aj, Bj,Cj, are related to the
coefficients aj, bj, and Cj given by Equation (10) by the following equation:

|
|
I
I
]

»

Atf Bt +C, —a(t+ 1) bt +T,) re. (1L
j 3 i % S %

Therefore, C; is the smoothed data value at i, and Bj is the slope of the
Smoothed function at Tje



With the time shift described above, the time matrix becomes

[ n Z(tk-rj) Z(tk-'rj)2 ]
T = 2(t,-7.)  =(t,-1.)% (¢, -7.)3 (12)
J k J k k -3

Lz(tk—Tj)E Z(tk-'rj)3 z(tk-rj)”

and the coefficients Aj, Bj, Cj are given by the matrix equation

s.=T1.p . (13)
J J

A case of special interest is that of data points at constant time intervals,
At. In this case,

%(n-1)
Z(tk'Tj) = Nt Z k=0 (14)
-3(n-1)
3(n-1)
2 2 2
Z(tk-'rj) = 20t Z K" = K (15)
1
3(n-1)
3_ A3 3 _
Z(tk—'rj) = At Z k® =0 (16)
-4(n-1)
3(n-1)
z(tk-rj)LL = 2AtlL z kl*g L ' (17
1
Equation (12) then becomes
n 0] Ki
T=|0 K, O (18)
X, 0 K,
and
C. = —1 [k 2f(t. . ) K12f(t )t*2] | (19)
J _ 27 M ik T i+k’ “k
Kl(nKE‘ Ié
B, = g (b, ) b e



)] (21)

where
t. = t, - T, . (22)

For data points at constant time intervals, considerable computer time can
be saved by using Equations (19), (20), and (21).

The output from SMOOTH consists of a listing of the identification number,
the time values, and the coefficients A, B, and C (corresponding to a parabola,
F@g) = At2 + Bt + C) and plots of the coeff101ents B and C, It should be recalled
from the above discussion that these coefficients correspond to a parahola
fitted to data points centered ahout the origin (as shown in Figure 3), Tho
smoothed data value is evaluated as F(0) which reduces to the value of co-
efficient C., Therefore, the parameter labeled coefficient C, both in the listings
and in the plots, represents the smoothed data values, In a similar manner,
the derivative of F(t) evaluated at t = 0 is the derivative of the smoothed data
(and an approximation of the derivative of the original data) at each output
point. But the derivative of F(t) evaluated at t = 0 is simply the coefficient B,
Therefore, in output from the SMOOTH program and in subsequent discussions
in this report, the coefficients C and B are used to represent the smoothed
data values and the derivative of the smoothed data values, respectively.

2.3 Filter Characteristics of the SMOOTH Program

The primary objective of the SMOOTH program is to reduce the noise in
the input data without §ignificantly distorting the “signal®. In order to properly
apply the SMOOTH program to a given set of data points, it is quite helpful
to have available the characteristics of the program normally associated with
filters; ie, the impulse response, the step response, and the frequency respongo.
These characteristics are derived and discussed in this section.

It should be noted that the SMOOTH program differs from ordinary or
“physically realizable” filters in two respects: (a) The time span of the input
data considered in determining the output is finite. (b) The output at a particular
time is determined from future as well as past input data, That is, while in
an ordinary filter use of future data is not possible and all past data is theo-
retically considered in determining the output, in the SMOOTH program a
finite range of both past and future data is used to determine the output.

In the following derivations, two assumptions are utilized. First, it is
assumed that the past and future time spans of data considered by the program
are equal. This assumption is valid only for input data which are digitized at
equal time increments. Second, for mathematical convenience, it is assumed
that the input data are continuous rather than discrete. This assumption is
equivalent to assuming that the discrete data points are of sufficient density
to provide an accurate representation of the initially continuous data. Thus,
the results of this section apply only to input data which have been digitized
at equal time increments and for which the digitizing interval is such that the
digitized data are an accurate representation of the initial (continuous) data.



The method of filtering used in the SMOOTH program is to approximate
the input data, f(t), by a function of the form,

F(t) = a(t)t® + b(t)t + o(t)

where a(t), b(t), and c(t) are defined such that

£ 408
2, . 1 2 2 2
vi(t) = 5 {£(7) - [a()7® + p(t)T + (€)1} ar  (23)
t—% '
is minimized. Equation (23) can be rewritten as
v(t) - 5 / f£(c) - [a(t) {r-t}2 + B(t) {r-t} + c(t)1}%ar 24)
.t_%
where
A(t) = a(t) (25)
B(t) = b(t) + 2a(t)t (26)
and
c(t) = a(t)t2 + b(t)t + c(t) . (27)

Note that, as indicated by Equation (27),

c(t) = F(t) .- (28)
Hence, .
ar(t) 2 da db dc
N - — +n + — + o= 29
at T ILI-r-L > (24)
or, by Equation (26),
ar(t) _ (2 da , . &b, do 30
at Tt tE o (30)

In using the output of the SMOOTH program, the coefficient B is taken as an
approximation to dF(t)/dt. This approximation is reasonable since in the actual
input to SMOOTH, the function f(t) is represented by a set of discrete points,
Between points the function is approximated by the appropriate parabola so that
in the immediate vicinity of a point, the coefficients a, b, and ¢ are constant.
The consequences of the approximation

dF(t)

ge - = B(¢)

are discussed later in the development of the frequency response of SMOOTH.

In order to minimize v2 (t), it is necessary that

ave_o V2—O d8v2_o
&~ 38 T ST T ’



Thus, from Equation (24),

L
dv° _ 2 [ 2 2, - 12 -
- - () - [afr-t} + B {r-t} + cl} fr-t}F ar = 0 @Y

5t
5t
=
408
Bve - __2_ / e
OB &t t_.§§
, 2
and
ave - . 2
3¢ 5t | s
3

{e(0) - a{etl® v le-tl + cl} {rtlar =0 (32

/t+—2 {f('l')’ § (A %r»t}z + B {r.t} + cl] de =0

Then, for Equation (31),

from Equation (32),

5 w3
5t ot
A(t) + c(t) = I.(t)
o5 2.3 2
3
B B(t) = 1,(v)
2.3

and from Equation (33),

where

and

253 A(t) + 8tc(t) = T(t)

10

(39)

(34)

(35)

(36)

(37)

(38)

(39)



Simultaneous solution of Equations (34), (35), and (36) yields

9 a5

c(t) =+ I. - L (40)
L 0 8t3 2
[where c(t) = F(t)].
a_nd
B(t) = ;l‘g' I, (41)
t
[where D(t) dea‘(;—) ].

2.31 Impulse Response. If the input function f(t) is a unit impulse at t = 0,

&t

. t+—
2
/ w (1) ar = u(t + %) - u(t - %—) (42)

H
]

and

I, - / ('r-t)2 ul(’l‘) 4t = 2 [u(t + %) - u(t - %)] . (43)

Substituting Equations (42) and (43) into Equation (40) yields for the impulse
response of the SMOOTH program,

L) = i - =3 47 [ue + 8y - w(e - 8] (44)

The anticipatory and finite memory characteristics are clearly illustrated
by the sketch of the impulse response given in Figure 3. The input impulseis

“anticipated” for t > - %t-, but is “forgotten” when t >§2£. In contrast an ordinary
filter has no anticipatory properties, but in theory will “remember” the impulse
forever.

2.32 The Step Response. If a unit step function is applied tothe SMOOTH
program att = 0,
3t
th—

[T
ult) d
0 St""

2

H
Il

t[u(t'*%) - u(t—S—;]

+

-
% T2 + u(e-2) | (45)

11
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Fig. 3 Response of SMOOTH to the impulse function.

-

and
£+t
( T—t)2 u(T) at

2

3[ 1
- [u,(t-h%) . u(t-%)] |

3
+§E[u(t$’—;> +u<t-%>] . (46)

Substituting Equations (45) and (46) into Equation (40) and rear‘rangir'lg yields
for the step response of the SMOOTH program,

c(t) = [z%t-t -jg t3][u(t +§t24) - u(t -%)] .
+ 2 [u(t+§;)+u(t ..'%} : (47)

As shown in Figure 4, the step response overshoots the magnitude of the
applied step by about 8 percent. However for time greater than -§t-, the output

is precisely equal to the magnitude of the applied step.

12
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Fig. 4 Response of SMOOTH to the unit step function,

2.33 Frequency Response. The frequency response of the SMOOTH program
may be derived by the common procedure of obtaining the Laplace transform
of the impulse response. However, the procedure must be slightly altered
because of the anticipatory nature of the SMOOTH program response. Since
the ordinary Laplace transformation is unilateral, negative values of time
cannot be considered. Therefore, in order to obtain the Laplace transform
of the impulse response, it is necessary to apply the impulse at a time such
that no response is obtained for times less than zero, ie, at t Z-Sz—t.

Thus, let the input function, £(t), be a unit impulse at t = .62i , ie,

s}
£(t) = 0 (t - —g
Tho transfer function is then
o(s) = CLs) (48)
u. (s)

where C(s) is the Laplace transform of the response to a unit impulse uq(t -%t-).

From Equation (44), ‘
2
et - 2% - [i - 22 (e - 2 Hum - u(t - aw} (49)

2 L5t 53
Then, o(s) = ofete - )
- 1> [3 + e—Sts]
8t252

3 30 _ _-%ts »
(s ][] o



and St
S.

5 (s) = L}[u(t ; 5—3)} e 2, (51)

Substituting Equations (50) and (51) into Equation (48) and rearranging yields
for the transfer function of SMOOTH:

- Bt ot
) -
: 1 2
6(s) =25 |e? +e ?
5t s
Bt 5t
-3 —=
3 30 2 2
A SEs T T e e . (92)
 2Bts ‘ Sijj _

The frequency response may be obtained by the usual procedure of setting (
s = jw. Thus, from Equation (52),

jote_Btw
G(w) = - =2 | % +e 2
S5t w :
J.icg Btw
3 30 2 o
: - e - e (53)
2J§tw Jat3w3 |
or
G(jw) = - 3(2) 5 cos §‘1):_w
oY A i )
1 3 60 | . Stw
“lso - —==x]| sin /— - (54)
[Stw 81:3(»3:, 2

It can easily be determined from Equation (54) that the frequency response,
G(jw), is always real and has an infinite number of zeros located on the positive
real axis of the complex plane. It is positive in the frequency range between
w = 0 and the first zero of G(jw), negative between the first and second zeros,
positive between the second and third zeros, etc. Further, it can be shown that

lim G(jw) =1
w =0

Thus, the SMOOTH program is a zero-phase, low-pass filter. It has an at-
tenuation of 0.7 (3dB) at wdt =~ 6,6,

As shown in Figure 5, the roll-off characteristic preceding the first zero
is rather sharp; but the effectiveness of the SMOOTH program in filtering high
frequenries is reduced by the lobes between successive zeros. As discussed
in a following subsection, however, the attenuation of high frequencies can be

14
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Fig. 5 Frequency response of SMOOTH for coefficients C and B.

markedly increased by multiple smoothing without significantly altering the
low frequency transfer function.

Because the SMOOTH program automatically computes a smoothed de~
rivative of the input data and because this derivative is used in the REACTIVITY
program, the transfer function which is, in effect, applied to the derivative of
the input data is also of interest. If B(t) is an approximation to df(t)/dt, then the
transfer function of interest is

¢'(s) = —E—Ihsi (55)

where B(s) is the transform of the B(t) which results when f(t) is applied.
The transfer function, G'(s), is then a measure of the deviation of B(t) from

df(t)/dt. If, as before, f(t) = u(t-a—); by Equations (38) and (41),
2

B(t) = - —1—§ (t - %—) fu(t) - u(t - 8t)] (56)
ot
so that
6 { -5ts:| 12 [ —Sts]
B(s) = 1+e - 1 -e . (57)
(b) 6t2s 61:352

15



By Equation (55),

| 8ts _Bts ‘ 5t Sts _
' 6 L2 2 | 12 2 T2 ,
G'(s) = —35735 Le +e e - € - (98)
&t s '

) 8t3s3

The frequency response of the effective filter applied in obtaining the de-
rivative of the input data is, thus,

12 wdt 2k . Ot :
G'(jw) = - 55 €08 “5° + —S— sin %— (59)
. 5t~ w Ot w _
Thus, the filtering process used in obtaining dd—F,;(Q is somewhat different

from that used in obtaining F(t). This difference is a consequence of the neglect
of the derivatives of a, b, and c in Equation (25). The magnitude of (G'(jw) is
shown in Figure 5 along with the magnitude of G(jw). The fact that G'(jw) is, on
the average, smaller than G(jw) at high frequencies is helpful in obtaining a
smooth derivative because the differentiation amplifies the high frequency
components of the noise. On the other hand, the selection of a &t to minimize
the distortion of the desired signal does not ensure that the distortion of the
derivative of the signal will also be minimized. Thus, in the selection of the
8t to be used in smoothing a particular set of data, attention must be directed
to both the input signal and its derivative and the filtering processes applied
to each,

2.34 Multiple Smoothing. Multiple smoothing consists in recycling the output,
C(t), in-the SMOOTH program through the program any desired number of times.
It is equivalent to the common procedure of placing several filters in series
In order to obtain the desired attenuation of unwanted frequency components.
Since

(s) = F(s) a(s)

the output of the SMOOTH program resulting from one recycle, call it Cq(t),
will be ‘ '

e, (8) = 278 [6(s) o(s)] = 27 [£(s) [6(s)1°] . (60)

In general, then, the output after n passes (n-1 recycles) will be
=1 1z “y1h
Cn_l(t) =L~ [f(s) [a(s)]"]
So that the transfer function for n passes is-simply
G (s) = a(s)1® . (61)

Because of the sharp roll-off characteristic of G(jw) prior to the first zero,
it is possible by multiple smoothing to markedly reduce the high frequency
lobes without significantly changing the shape of the transfer function below
the first zero. To illustrate, on Figure 6 are plotted the transfer functions
resulting from one, two, and three passes through the SMOOTH program.
Thus, by utilizing three passes, essentially all frequency components above the
first zero of Gg(s) will be attenuated by a factor greater than 100.

16
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Fig. 6 Transfer functions for one, two, and three passes through SMOOTH.

Because only C,.i(t) is entered as input on the nth pass through SMOOTH,

G(s) =c'(s) [a(s)1™t (62)

so that the ratio Gr‘l(s')/Gn(s) is independent of the number of cycles through
the SMOOTH program,

3. THE REACTIVITY PROGRAM

3.1 Introduction

The REACTIVITY program was written for the purpose of calculating
the reactivity of a reactor from recorded power data, In this calculation, the
applicability of the lumped-parameter reactor kinetic equations is assumed.
Up to 50 delayed neutron groups may be used. Power data to be used as input
to this program must be in natural logarithmicform and must first be processed
by the SMOOTH program. Initial conditions are entered by specifying either
(a) the initial asymptotic exponential period of the power rise or (b) the
initial concentrations of the delayed néutron precursors. The output of this
program consists of the instantaneous values of (a) the reactivity, (b) the
compensated reactivity when the initial reactivity perturbation is a step,
(c) the linear power, (d) the energy released, and (e) the ratio of the com-
pensated reactivity to the energy released.

17



3.2 ‘Solution of Equations
In.the REACTIVITY program, it is assumed .that the time behavior of the
reactor can be adequately described by the system of equations

o(t) = 222 B o) 4 Zx ¢, (%) + s (63)
. B
ci-(t_) — o(t) - A C (t) (64)

where
. o(t):= power of the reactor

‘#(t) = -roactivity
A = prompt neutron generation time
Ci(t) = concentration o'f':ith delayed neutron precursor
7\i‘-="decay constant:of . the ith delayed neutron precursor 'gr\oup

effective fraction of delayed neutrons: produced Dby 1 precursor
“group

p

[

£ = _sourco.cquivalcnec.

‘This :system -of equations can‘'be written in a'more convenient -form by defining

L= B./B (65)
and
A,
wi(t) =-— -(66)
. B }fi

:and zsubstituting these quantities into Equations -(63) and-(64). The system of
‘equations-then reduces to

. 3 B £,
t(t) =-p—(%)r'—‘3 #(6) + Z = ow (t) s (67)
i=1
wi(t) = 7\i¢(t) - ?\l wi(t) . (68)
"From - Equation (67)
Qét) = $t) =1 <1>l(t5 l .g o(¥ Z £,o0(e)) - é\% (69)
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Experimental power data to be used in REACTIVITY must first be converted
to natural logarithmic form (see Input Format for SMOOTH) and processed
by the SMOOTH program. When Zn¢ is used as input to SMOOTH, a parabola
is fitted to a prescribed number of data points (say ¢J -2 %515 %j» Pjyls @ J+2)
such that

,Zn"’*(t) ~At2 + Bt +C.
J J J

. t ¢ t t t.

(le, o(l) is shilted by t;). Therefore,

n o(t.) = fn o ¥ = ( (70
n ¢(+j) n d)j (o) Cj )
and )
o(t) _d % ‘ _
o(t) t=t =& *5 (%) =5 b
J

Hence, from Equation (69)
A VS .
$(t)—l+—B —(_FE N wi(tj)-ém . (72)

The parameters A/p and fj are input data; therefore, to complete the
solution, ¢(tj) and the wi’s must be calculated. From Equation (70)

C, ,
¢(tj) =e d | (73)

To evaluate w; (t), Equation (68) may be solved to glve
At / AT “At
wi(t)=e 7\iel o(t)dt+e b LK
where K is constant, If wi(t-a) is known, wi(t) may be calculated by

-\t L AT -A8
wi(t) =e 1T f 7\i e * ¢(T) aT +.wi (t-8)e 1 . (74)
£-0

For the purpose of calculating
toAT
f et o(1) at

it is convenient to have coefficients which correspond to linear data rather
than to logarithmic data. The relation between the two sets of coefficients
is as follows:

It At2 + Bt +C. = fn o%(t) (75)
J J J

19



-and

a,,;f2 + Dbt +c, = 0%(t) :(76)
J J J
{then, .at't =10,
C.
c,=e | 1(77)
J
& = Q.. ;B- .
P57 (78)
.and
.8 = v ~l »;2 17
A, =c.'[A. + = ) (79
.J CJ'[ J 2 Bj ]« (79)

‘Furthermore, since the coefficients aj, bj, and. cjrcorrespond to ¢%(t) atit-=70, it
.is' convenient:tomake the following; fmannrmntmn

=L .t AT . ot -‘7\1.'_('0-"6) '
e !7- A et O(T) @t a= J A, e " *0(1) dt
st AT
ST
» A e boo(t+t) arT
.0 AT
= et emar 0
‘where ¢*(t) = ¢(t+t). ‘Therefore,
—A.8 .0 AT
wi(t) = w (t38)e T+ Jf A et o*(1)dT .. (81)
i i 5 1

Since

WK(T) mra it + b T+ e,
J J -

thefollowing :may be written:

O AT ”O N o '
f A et o*(7) 4t = f A et (a1+1b T+ e.) 4T
5 1 . s * J -J - d

AT
N Al .o
= |ia.(')\f2'r2 - 2N T +2)+ A b (A T-1) + 7\:2C-]
.?\.2' Jjoi i i jv i 1“]'-8
;
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-\
- L § a. [2‘-ve * (K,282 + 27,8 + 2)]
A 2 J i i
i
-7\i8. o[ —7\18
~1f +c. A, [ - ] . :
+ bj Xi [e (Ai8 + 1) lJ CJ 5 l1-e 5 (82)

Defining constants K KZi’ and KSi as

1’
1 [ =N, B PP
K,=—3l2-¢ * (& +2x.8+2)] (83)
i N 2 i i
i
L [ ] |
Kyy = 7\: e (7\i8 +1) -1 (84)
and
-?\is
K3 = (1 -e ) : (85)
Equation (82) can be written as
o 7\i'r -
f_s A e o%(7) dT = [aj Kjg * oy Ky +oey K3i] (86)
and Equation (81) can be written as
-?\i&‘) ‘
= - : + . 87
wi(t) wi(t 5) e + ay K.Li + b..j K2i C,j K3i (87)

The initial values for w; [ie, wj (to)] may be obtained by two methods:
(a) the user may furnish these values as input data; or (b) they may be cal-
culated as described below. (See Input Format, Section III-3.25, page 51.)
To calculate w; (t,) it is assumed that, for all t <t.

o(t) = K Ot (88) -
Then
c,(t) = K, R (89)
and ‘
C—%—t—y c.(t) = (90)
i + t=t_
From Equation (64) '
B, o))
Ci(t'o) = AT a) R (91)
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and from Equation (66),

ki ¢(to)

@ () = g 62

With initial values for wj(ty)s wi(ty) may be calculated from Equation (87);
having calculated wj(t;), wj(ts) may be calculated in the same manner; and
so forth.

FromEquations (72), (78), (77), and (87), one obtains [inilly
= A5

A 1 . [ i
: =] + = - = - B +
$(tj) 5 Bj c E 9 R (tj ) e + ajKli b.K,.
i=1

;—J— . | (93)

™| >

+ C,jK3i] -

Equation (93) is the expression used in the REACTIVITY program to
calculate the reactivity of the reactor from smoothed power data.

The value for $'(to) is calculated from the inhour equation,

n
(4 A § : fi
$(to) = = + ?\_‘I-_& (04 . (94)
Pooy=r !
The compensated reactivity of the system is calculated as
$.(t) = () - 8(x)) - (95)

It should be noted that both the calculation of $(t_), as described by Equation (94),
and the calculation of $,(t), as defined by %:quation (95), are valid only for
step transients. The energy released, E(t), is calculated by

E(tj - 8) + fo o*¥(t) at

-5

E(tj)

wl %

82
—b,—§+c,6 (96)

E(t, - 8) + a,
(J J J J

where the initial energy, E(tp), may be entered as input data or may be cal-
culated as (see Input Format Section III-3.25, page 51). - :

o(t )
E(to) = Oto

(Note: If initial energy is to be calculated, the initial period must not be zero.)

(97)

The ratio
b(t) = $ (t)/E(t) (98)

is also calculated.

o
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4, THE FREQUENCY RESPONSE PROGRAM

4.1 Introduction

The behavior of a linear system may be described mathematically by an
expression of the form

o(s) = I(s) a(s) (99)

where I(s) is the Laplace transform of the input to the system, and
O(s) is the Laplace transform of ths resultant output of the system.

The function G(s) is called the transfer function of the system. If G(s) is known
for a particular linear system, then the time response of that system to any
Laplace transformable input function can be determined by finding the inverse
Laplace transform of the function, O(s). Thus, the function, G(s), mathematically
characterized a linear system. Anexperimental determination of G(s) is therefore
often desirable.

As is well known [4], the form of the transfer function can be determined
from a knowledge of the frequency response of the system. Hence, the most
common method of determining the transfer function is to directly measure
the frequency response of the system. That is, the magnitude and phase of the
system output relative to a sinusoidal input is determined for various input
frequencies. While this method is usually quite accurate, it can be experi-
mentally cumbersome if, for example, the response at very low frequencies
is desired or if it is difficult to introduce a sinusoidal input.

Since the transfer function of a linear system is unique, it can easily be
shown that the frequency response can be determined from the transient
response of the system. Corresponding to Equation (99), the transfer function,
G(s), is defined by

_ 0(s) _ Llo(t)]

() = 5y = Ze)T (100)
Hence, G(s) may be determined from the response of a system in the time
domain, oft), to an arbitrary Laplace transformable input function, i(t). While
this method tends to be less accurate than that of directly measuring the
frequency response (because the experimental data must be processed by
numerical techniques), it does allow the frequency response of a linear system
to be determined from the results of a single transient experiment.

The FREQUENCY RESPONSE program has. been written for the purpose
of computing the frequency response from the transient response of a system.

This program will numerically evaluate, at designated values of wy, the function
o 4

—iwlrt
A(t) e at
o)

G(wk) = . (101)

(2]

-iwkt
 B(t) e at

o .
A(t) and B(t) must be described as pointwise functions at evenly spaced time
increments; ie,

t. - t. = At = constant .
J J-1
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Furthermore, A(t) and B(t) must be defined in such a manner that, for some
time value t,, A(ty) and B(ty) are constant for m > n. The restrictions placed
upon A(tj) and B(tj) are discussed in detail in Section I1-4.2.

By means of an option, B(t) may be specified to be a unit impulse so that

o0 .
-/o A(t) T g (102)
is calculated. ' '
The output of the program is as follows:
(1) Radian Frequencies (w) - designated by the user)
(2) The real part of G(wy)
(3) The imaginary part of G(.k)
4) |G| |
(5) Phase angle of G(wj) in degrees
(6) 20 log1p |Gluy)|
(7) logig wi-

Careful consideration must be given to the accuracy that may be expected
from this program. This is discussed in detail in Sectinn IT=4.3.

4.2 Solution of Equations

The purpose of the FREQUENCY RESPONSE program is to calculate the
ratio of the unilateral Fourier transforms of digitized experimental data of
the form .

[tj, f(tj)]; j=0,1,2, 3, «ea, 1
As was pointed out in the introduction, the transfer function is defined by the

ratio of the Laplace transforms of the output and input, ie,

However, for the purpose of a frequency response analysis, it is sufficient to
consider the unilateral Fourier transforms; ie, s is replaced with iw.

The Laplace transform of f(t) exists if f(t) satisfies the following restrictions:
(1) The function f(t) must be piecewise regular.

(2) There exists an ¢ such that, for the real part of s >q,

(o]

/(; _f(t)-eESt dt converges
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(3) For numerical evaluation of this integral, it is sufficient
that f(t) satisfy the further restriction that theére exists t, such
that for all t,, > t,,

f(tm) = f(tn) .

Any function which describes a physical phenomenon satisfies restrictions
1 and 2. Consequently, in determining the applicability of this program only
condition 3 must be of concern.

If f(t) satisfies conditions 1, 2, and 3, the unilateral Fourier transform may
be numerically evaluated as follows:

/ £(t) e at = / [£(t) - £(t )] ™% + / £t ) e 9 gt .
| - " (103)

[} o 0
Since it is assumed that f(t) = (t,)), a constant, for t > t,,

oo t o0

n
/ £(t) e W gt = / [£(t) - £(t_)] eIt 44 4+ / £(t_) e Wt 4y
(o] (0] : (o]

(104)
Now
) (t)
T
/ £t ) e 5% gt = —
o n
and
o0 .
£(t )
lim -st _ n
‘ sﬁ-iw,/o f(tn) e oodt T iw ’ (103)
Hence, to complete the evaluation of f f(t) e~iwt dt, it remains to evaluate
. (8]
t t
n n
/ [£(t) - £(t )] e at = / £(t) % at
o o
£t ) . .
+ e (MR -1 ) L (105

Consider the integral
t

n n
/ £(t) e—iwt dt = / £(t) [cos wt - i sin wt] dat . (107)

o (¢]

In order to evaluate Equation (107), the function f(t) is approximated by a
series of straight lines, so that in the interval tj-l <t < tis

f.-f.l

£f(t) =, | + S Jd°=

J-1 t. - t. 1 I (108)

[t - tj_l
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It is assumed for convenience that t-j - tj -1 is constant, so that
5" T | 0
= ’ + ~ ' - . 1 9
£(t) fj_l o (t-t..) = (109)

Then, considering the first term on the right-hand side of Equation (107) and
letting t,= 0,

t
n
/ f(ty) cos wt dt
o)
fj B fj-1 ,
/ iy (t - t )] cos wt dt  (110)
3 -l .
which reduces to
t ,
n )
/ f(t) cos wt dt
o]
fn 2 At
= —; sinwt - — s1n——E (f - )31nw(t +—§).
w n w AL :
) (111)
In'a similar manner,
.1-, , e

b ) J
/ / fj -.fj-l
. — + - i W
£(t) sin wt at [fj_l T (t tj_l)] sin wt 4t

o} J=1 tj-l

£ f
Cff o WAt } s ot . + 5t 112
S To T Tw 08 Wy T o ein 25y - gy cos ey, w5 .

Then for

oy LIA(t)]
G(w) = Zr0)T
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and two pointwise functions, A(tj) and B(t]-), we define

Rﬁk = real part of the numerator of G(w)
II{Ik = imaginary part of the numerator of G(w)
Rbk = real part of the denominator of G(w)
Iﬁk = imaginary part of the denominator of G(w).
Then, by noting that .
£(t, ) . ft.)
n -iwt ¥ . .
— n - 1) = [-sin wt + 1 (1 - cos wtn)] (113)
and by employing Equations (104), (105), (106), (111), and (112),
0 :
w At
e 2 .k _ . At
Ry 5— sin 3 E (Aj Aj—l) sin o (tj—l + 2) (114)
k w, &t ) .
k J=1
n
A w, At
2 k At
It o= | - =2+ sin (A, - A, )cosw (¢, . +=) {115
Nk Wy weAt 2 . J 1 1 2
: k J=1
n
w, At
Fo. .2 . K 2: ) . L Ot
R 2 sin (BJ. Bj_l) sin w_ (tj_l =) (116)
k w, &t X
k J=1
and 0
B w, At
. 2 . K Aty ((117)
I' = -2+ sin E (B, - cos w (t + =
D e o Pat 2 37 ;- 1) k ( J-1 2) .
k le

Multiplying the numerator and denominator of G(w) [ie, Equations (114), (115),
(116), and (117) ] by

2
JAN
(.dk t
kat
2

G(wy) may be written with the real and imaginary parts of the numerator and
denominator as follows-

2 s8in

At
RNk = E (A - A, ) sin (tJ ) (118)
A W, At .
_ At
INk = — At E (A - ,_ ) cos w (tj_l + —2—) (119)
2 sin 2 -
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) Nt

= - . + —
JRDk E (Bj Bj__l) sin w_ (tj_l 5 (120)

j=
and:
B w At i . , At
IDk = —w& E (BJ. - Bj_l) cgs W, (tj_l + —2_) . (121)
2 sin 5 - J=1

The function G(uk) may now be computed from

RN i
6(y,) - — it (122)

—RD+ -

For cases in which the unilateral Fourier integral -of a single function, A(t),*"
rather than the ratio of two integrals is desired, an option is provided so that

wiAt
RD ST T o AL : (123)
K 5 sin —=— ' '
_ > | | |
and IDk = 0. (See FREQUENCY RESPONSE Control Card: ratio conti'ol page 54.)

Note that this option is equivalent to an input in wh1ch B(t) is the unit impulse
function (or delta function).

4.3 Errur Analysis and Uriteria

Due to the nature of the assumptions and approximations made in the
development of the FREQUENCY RESPONSE program, the output is subject
to error; and some care must be exercisedin the use of the program if meaningful
results are to be obtained. This section is devoted to (a) a discussion of the
various errors which may occur, (b) the development of criteria for determining
bounds on the errors, and (c) the development of means whereby the errors
may be minimized. The errors. which may occur in the output of FREQUENCY
RESPONSE can be divided into three categories.

(1) Errors due to round-off in the computer

(2) Errors due to truncation of the function, f(t), with the as-
sumption that f(t) = f(t,,) for t 2tn

(3) Errors arising from the representation of f(t) in the interval h
0 <t <t, by a sequence of straight lines.

Each type error is treated separately below.

4.31 Round-off Error. In this program, certain integrals are evaluated
by numerical processes; and the possibility, therefore, exists that the error
due to round off of numerical quantities may accumulate and become significant.
To test the program for errors of this type, use has been made of the following
theorem: (Proofs of all theorems are given in Appendix A.)
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THEOREM 1I: If f(t) = £(t, = t) in the interval 0 <t <t; and zero elsewhere and if
F(w) =f £(t) e Y% ay (124)
o

then for
w=(2m - 1)Tr/tn_

(m an integer) the real part of F(t) is zero and for

w = 2m/tn
the imaginary part of F(t) is zero.

From Theorem I it follows that if the hypothesis of the theorem is satisfied
so that the real or imaginary part of the unilateral Fourier transform is zero,
then the value of the real or imaginary part of the transform as computed by
FREQUENCY RESPONSE is the absolute round-off error. Two test problems
have been run in order to evaluate the round-off error. In each test, data points
were arranged to satisfy the hypothesis of Theorem I.In Test Problem 1,
frequencies were selected such that w = (2m - 1)7/t,. As shown on page 30,
the real part obtained is essentially zero. Similarly, in Test Problem 2,
frequencies were selected such that w = 2m7/ tn; and the imaginary part obtained
is essentially zero, as shown on page 31. These results indicate that error
due to round~off is negligible in this program.

4.32 Truncation Error. In order to obtain an exact evaluation of the
unilateral Fourier transform of a function, f(t), the function must be known
for all t > 0. In practical problems the function f(t) is never known for all
time, and some approximation is required. In the FREQUENCY RESPONSE
program it has been assumed that for t > ty, f(t) = f(ty), ie, the function is
truncated at t, and assumed constant thereafter. Hence, if f(ty) is not in fact
equal to f(t) when t > t_. some error must be expected in the results given by
FREQUENCY RESPONSE, The nature of the error resulting from truncation is
given by the following theorem and its corollaries: (Proofs are given in
Appendix A.)

THEOREM II:
Let ‘ Flw) = £(t) e_imt at.
S
#%(t) = £(t) for 0 < t <t
*(t) = f(tn) for t >t
then _
w) - P*¥(w) = ft [£(t) - f(tn)] e 4y . (125)
n
Coronary_' 1: |F(w) - F¥{w)| g‘f I£(t) - f(tn)l at .- (126)
t
n
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SPORT 04707765 TEST PRIBLEM ONE FOR FREQUENCY RESPONSE

RECORD NO 444449003 CHANNEL 3 NUMERATOR WAS WORD 1
FREQUENCIES IN CPS
FREQUENCY LOG W REAL G(IW) IMAG. G(IW) MAG. G PHASE ANGLE 20 LOG(MAG. G)
0.5000 -0.301 B8.645646TE-05 -5.,1602150E 01 5.1602149E 01 -89.99990463 34.2533560
1.5000 0.176 3.8600274E-05 ~-1.9111872€ 00 1.9111872¢ 00 -89.99884415 5.6260645
2.5000 .0.398 1.8169063E=-05  -4.1281453€-01 _  4.1281453E-01 _  -89.99747849  -7.6849006
5.5000 0.740 3.7220438E-06 ~3.876T7978E-02 3.8767978E-02 -89.99450302 -28.2305374
T.5000 0.875 1.9717948€E-06 -1.5283522€E-02 1.5288522E~-02 -89.99261475 ~36.3126903
e 95000 .. 0.978____1.1921578E=06 ~71.5225215€E-03  7,52252156-03 -89.99092484 __ -42,.4727311
14.5000 l.161 5.3867123E-07 -2.1153061E~-03 2.1153061€-03 -89.98541260 ~53.4925356
19.5000 1.2%0 1.7688884E-~07 -8.6949405E-04 8.6349406E-04 -89.98834610 ~61.2146688
24.5000 1.389 1.7638720E-07 ~4.3832581€E-04 4,3332584E-04 -89.97694397 -67.1640587
29.5000 l1.470 1.2222332€-07 =2.5099536E-04 2.5099538E-04 -89.97210312 -72.0066853
39.5000 1.597 6.8442393E-08 -1.0448620E-04 1.0448622E-04 -B9.96247101 -79.6188202
e 5945000 1.695  3.2656957€=08  -5.3022265E-05 _ 5.3022275E-05  -89.96471405 -85,5108328
59.5000 1.775 2.9752275E-08 -3,0507418€E-05 3.0507432€E-05 -B89.94412613 -90.3118868
69.5000 1.842 1.2397946€6-08 -1.9090617€-05 1.9090621€-05 -89.96279144 -94,3835993
19. 5000 1.900 _1.8401851E-08  -1.2735394E-05____ _1.2735407E-05 -89.91721344 -97.8997440
99.5000 1.998 1.6762870E-08 ~6.4757601E-06 6.4T757817E-06 -89.85168838 -103,.7741575
CALCULATIONS REQUIRED _ 1 MIN 34.8 SEC

TOTAL PROBLEM TIME WAS 3 MIN 6.8 SEC
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SPORT 04/07/765 TEST PROBLEM TWO FOR FREQUENCY RESPONSE

RECORD NO 444449003 CHANNEL 3 NUMERATOR WAS WORD L

FREQUENCIES LN CPS

FREQUENCY: LOG W REAL G(IW) IMAG. G(IW) MAG. G PHASE ANGLE 20 LOG(MAG. G)
1.0000 -0.000 -2.0264149E 01 6.4875532E-05 2.0264149E 01  -180.00018120 26.1345675
2.0000 0.301 -5.0660414E 00  6.7583003E-06 5.0660414E 00  -180.30007439 14.0933748
3.0000 0.477 _ =-2.2515695 . 75€6-06 2515695 -180.20005150 7.0497073
6.0000  0.778 -5.6289249E-01  4.9901540E-09 5.6289249E-01  -179.39999809 ~4.9914908
8.0000 0.903 -3.1662709E-01 -1.5826264E-07 3.1662709E-01  -179.99996948 -9.9890387

000  -2.0264128E~01 -1.0645052E-07 2,02 - _ ~179.9999 -

15.0000 1.176 -9.0062792E~02 -1.3396287E-07  9.0062791E-02  -179.99991417 -20.9090919
20.0000 1.301 -5.06603396-02 -7.9316752E-08 5.0660338E-02  -179.99990845 -25.9066386
25.0000  1.398  -3.2422619€-02  -9.9581325E-08 3.24226186-02  -179.99982071 -29.7830386
R 30.0000 1.477 -2.251568TE~02 -7.6169123€E-08 2.2515%876-02  -179.99980354 ~32.9502964
40.0000 1.602 -1.2665081E-02 -4.7837641E-08 1.2665081E-02°  -179.99978256 -37.9478407
50.0000 1.699  -8.1056552E-03 -5,7173657€~-08 8.1056551€~-03  ~179.99959373 —41.8242373
60.0000 1.778 -5.6289322E~03 -4.7825430E-08 5.6289321E-03  -179.99950981 -44.9914799
70.0000 1.845 —4.1355295E~03 -2.4348635E-08  4.13552956-03  ~179.99966049 -47.6693778
‘ 6 65E-08 : -179.99952316 _ -49.9890599

100.0000 2.000 -2.0264188E-03 -2.3338057E-08 2.02641B7E-03  -179.99933815 ~53.8654165

CALCULATIONS REQUIRED =~ 1 MIN 34.8 SEC
TOVAL PROBLEM TIME WAS _ 2 MIN 18.1 SEC




Corollary 2: If o(w) and ¢*(w) are the phase angles of F(uw) and F*(w),
respectively, then

/ l£(t) - £(t )] at
Jt

|sin (¢ - o%)| < —2 )]

(127)

Corollaries 1.and 2 give, respectively, the limits on the gain and phase error
due to truncation. It is apparent that these errors may be minimized by -selecting

f(tp) such that
J,

is minimized. Henoce, in ordcr to ensure that the truncation error ig 8mall
or to determine the limits on the error resulting from truncation, some know-
ledge of the behavior of f(t) for t> t, is necessary. For most practical .cases
the behavior of f(t) for t >t, can be approximated, and the errors due to truncation
can be estimated by Corollaries 1 and 2.

o0

le(t) - f(tn)l at

n

In a number of practical cases, the function, f(t), ultimately decays in an
exponential manner to a final value. For this rather common case, the errors
due to truncation are given by the following corollary to Theorem II.

Corollary 3: If, for t > tp,

£t ) - £(w) @~ & (t-t)
F(4) = moar — Z e % g p(w) (128)
k=1
and
T*(t) = f(tn)
then

[£(t,) - £(w)] o
[F(w) - PH(w)| = —2 K}:;;fﬁ)

. 2
m w
+(a- _?f—5>J (129)
oy + W

If coefficients, @,, can be found which adequately describe the real function,
f(t), and a reasonable estimate for f(~) is available, this corollary can be applied
directly to data. This, however, is generally not the case; for if these parameters
were known, a better estimate of f*(t) would have been made originally. The
usefulness of this corollary, then, lies in the fact that for extreme values of
" w (wroandw-=) the ratio |F-F*|/F* (and consequently |sin (¢-¢*)|) varies in-
versely as w| F*

For the case where |F*| approaches a constant as w-o (as is the case for
a linear system), the error due to truncation will become large for small
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values of w , If answers at small frequencies are desired, the number
f(t,) - f(») must be small, On the other hand, it follows from this corollary
that if | F*| decreases as 1/w (for w—w, |F*| decreases at 20 dB per decade), then
the error due to truncation is constant. At higher rates of decreases for |F*|,
the truncation error becomes insignificant. For analyzing power transients such
as those recorded from the Spert reactors, one can conclude that truncation
error may be of concern for small values of w, but of no concern otherwise.

To illustrate the nature of the truncation error, the Fourier transforms
of the following two functions were computed by means of FREQUENCY
RESPONSE.

e , 0<t<10
£1(t) = (130)
0 , t>10
et , 0<t<5
fo(t) = - _
e? = 0.00673 , t>5 . (131)

It can easily be shown that the transform of f1(t) as computed by FREQUENCY
RESPONSE is essentially free of truncation error, ie, .

o0

—iwt 1 '
/ fl(t) e dt = —]T+—Jw . . (132)
v 0
For £,(t), however, Corollary 3 indicated that at w= 1078,
Fl(w) - Fg(w) = 0.067 = 0.56 db (133)
and _
- . 4
|¢l ¢2| < 3.90 (134)
At w=10"2,
|F1(w) - Fa(w)| = 0.67 = 4.4 dv (135)
and
loj(w) - o (w)] < k2% (136)

Thus, the phase error due to truncation should be evident for w > 10 , and the
magnitude error should be evident for w > 10~2, This is illustrated in Figures
7 and 8.

In summary, the principal effect of truncation of the function, f(t), is to
produce a low frequency error in the unilateral Fourier transform. This error
can be minimized by minimizing

[>0]

f |f(tn) - f(w)| dt
(0]
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Fig. 8 Phase of transform as computed by FREQUENCY RESPONSE to demonstrate round-

off error.
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If care is used in selecting f(t,), the truncation error can usually be made
negligible in the frequency range of interest.

4.33 Error Resulting from Straight Line Approximation to the Input
Functions. In the input to FREQUENCY RESPONSE, each function for which
the unilateral Fourier transform is desired is represented by a set of points
of the form, [tj, f(tj)]. For convenience in evaluating the integrals, it is assumed
in the program that the variation of the input function between successive points
is linear; ie, the set of points is connected by a sequence of straight lines.
The Fourier transform computed, therefore, is that of a sequence of straight
lines and is exact to within the numerical accuracy of the computer. Since the
straight line frequency is usually not the desired functionbut an approximation
of the function, some error is present in the resultant transform. In general,
if f(t) is the desired function and f*(t) is an approximation of f(t), the bounds
of the crrors in the magnitude and phase of the resultant Fourier transform
are given respectively by Theorems III and IV, (Proofs appear in Appendix A.)

THEOREM III:

Let
t
o -iwt
F(w) =f £(t) e at (137)
° :
and suppose
|£(t) - £%(t)] < € for 0< t< £ (138)
If
€t .
Tf¥(g7T < k . (139)
Lthen
F - ¥ ‘
R < x (140)
THEOREM IV:

Let t
n -iwt
Flw) =f £(t) e dt

o
and let ¢ be the phase of F(w). Suppose
I£(t) - £%(t)] < e for 0< t< t

If

€t
T < a41)
then
|sin (¢ - o%¥)] < k . (142)
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In. addition of Theorems IIl. and IV, one may also apply the following theorem
and its corollaries to:determine the bounds of the error..

THEOREM V:

Let.

‘tn
F(w) =:./r £(t) e ¥ gt

o
Suppose that
£(0) = £%¥(0) and f(t‘ ) = f*(t ).

and that on (0, t,), the ith derivatives of f(t) and f*(t) are continuous for all.
i < m and that the mth derivative is sectionally continuous. If

i m
[£(t) - f*(t)]| e on (0, t ) (143).
at®
then
()l - ()] < Z ! I [£(+) - ()] "
|F*(w ‘ 4 wJ."'l IF*((*))I dt
§=1 “ |
et
+ 20 ~ (144).
o [F*(w)] -
m-1 . t
1 ad : o n
|sin (o - %) < e £(t) - £%(t)
et S OIS o
efn tn’
+ — - (145)
W [F*(w)|

Because of the difficulty in determining ¢, applicationof Theorem V is generally
practical only for m =1. For this case, Theorem V can be written in a simplified
form.

Let
t

Fw) = f : £(t) e % qt

o

and suppose:that f(o) = f*(0) and f(tn) = f*(t'n).
If‘

Id_,

T [£(8) - 1x(1)]] < e
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then

[F(w) - w*(w )< €%
TP ()] MIE™] (146)
and
€ t

n

|sin (o - ‘o*)| < ST )T (147)

In certain cases, the bounds on the errors as given by the corollaries to
Theorem V may be smaller in some frequency ranges than the bounds given by
Theorems III and IV. Therefore, both of the above methods should be applied
wherever possible in order to minimize the estimated error. The following
examples demonstrate the use of the above theorems and corollaries to determine
the envelope within which the transform, F, must lie.

To demonstrate the effect of various time steps and, consequently, various
errors in the straight line approximations, four test problems are given below.
The function

-2t Lt

£(t) - e W for 0<t<10

H
0]

f(t) =0 for t > 10 (148)

was approximated by the method described in Section II-4.2 using time steps
of 0.5, 0.25, 0.1, and 0.025. Plots of the magnitude of the results are given
in Figures 9 thr ough 12.

To apply Theorem III, the maximum difference between f(t) and £*(t) must
be known. For a time step of 0.1, the maximum error in this case can be
determined to be 0.1; ie,

It - £%] < 0.1 . (149)

Therefore, since
[Pl - |F*]l < [F - F¥| (150)

from Theorem III,
7| - el
S T (15D

or

. 0.1
20 log (1 - W< 20 log HT< 20 log (1 + '[F—*r) . (152)

A plot of the envelope is given in Figure 11.

To apply Theorem V, the maximum difference between the derivatives of
f(t) and f*(t) must be known. For a time step of 0.1, this maximum difference
can be determined to be 0.27. Therefore, from Theorem V,

|F|'- F* 2.7
J |F*” ” < ] (183)
W
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For this particular test problem, the upper limit of the error as given by
Theorem III is smaller for values of w < 27 than that given by Theorem V.
Practically, nothing is gained by using Theorem V6 and the envelope shown in
Figure 11 was calculated using Theorem III exclusively. The envelope calculated
for the case of t = 0.025 is shown in Figure 12 and is, as would be expected,
somewhat smaller than that obtained for t = 0.1. As indicated by the example,
for a reasonably well-behaved function, the error criteria are overly restrictive.
This is to be expected from the general nature of the theorems. -

To summarize, the errors in the output of FREQUENCY RESPONSE due
to straight line approximation are unavoidable in this program. However, the
actual transform lies within the envelope determined by Theorems III, IV, and
V and their corollaries; and the size of the envelope can be reduced by reducing
the time increment (and consequently |f - f*l) of the input data,

4.34 Error in the Ratio of Two Functions. The discussion above has been
restricted to the transform of a single function; ie, the case

oo

fw) = f £(t) e 29 ag

However, the error analysis may be extended to the ratio of two trapsforms by
applying the criteria developed. Following the notation scheme used in the
above discussion, let ,

A(s) = exact transform of the numerator, a(t)

B(s) = exact transform of the denominator, b(t)
A*(s) = transform of a(t) calculated by FREQUENCY RESPONSE
B*(s) = transform of b(t) calculated by FREQUENCY RESPONSE

From Equatioﬁs (139) and (140),

lal - laxl]< e,5_ =3, (154)
and
lIsl - Is*ll< et = 8, - (155)
Then
-8, < [l - |ax[ <5, - (156)
‘so that
lax] -8 < (Al < [a¥| + B, (157)
and
- . _ * <] 158
6B§|BI |B|§bB (158)
so that
x| - < < * .
|B¥| 8y < |B| < by * |B*| (159)
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1t follows that

e ST R I G I I N <

B¥] + 6b T =Bl T TIB¥ < [B%] - Sb T B - (160)

This expression can be reduced to

a¥l 8 + 8 a¥ 8+ 8
B¥ Iy |a%| B¥
- - < .
BY + 5 = TR B¥[ = T8 - o, (161)

The output from FREQUENCY RESPONSE in this case will be A*/B* To
determine an error envelope, an additional run must be made to determine
B*|. The quantities 5, and 3, are equal to €at, and egty, respectively. [See
Equation (138) for definition of e.] Using these values and Equation (161), an
error envelope can be calculated,

The error in the calculated phase can be determined in a similar manner.
From Equation (142) it is seen that, for a single integral, the phase error has
the form

lsin (o - o%)] <k . : (162)

Following the notation defined on page 40, the phase of A*/B* is

* = 9 ¥ - P_*
$ ¢A ¢B

(9o * is the phase of A¥); and the phase error is

- * = - - * - ¥*¥) = - * - - *
o ~ ¢ 0, - g (¢A ¢B) (<1>A cpA) (¢B ¢B} .,(163)

As before, it is convenient to consider
sin (o - o*)
rather than (¢ - ¢*), Note that
‘ i - %) = si - 0 ¥ - 0 %
sin (¢ - ¢*) = sin (¢A °) ) cos (¢B ¢_B )

) o - 0 %) i
cos (0, - ¢,%)gin (op - 0.%) (164)

and

|sin (¢ -¢%)| < |sin (¢, - ¢A*)| + |sin (oy - ¢B*)] <k, +ky (165)

where, by Theorem IV,

and
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Thus,

|sin (¢ - ox%)] < <-|—]l3—*|_ .E%‘— eAtn + eBtn ) . ‘ (166)

Again, to find the maximum error envelope, an additional run is required to
determine [B¥|.

This argument has been made by applying Theorem III, It should be noted

that a similar argument could be made using Theorem V., Application of Theorem
, € €EmB
V will result in the replacement of €A and e by gl and r: throughout the

above discussion. (See Theorem V; page 36, for the definition of €.)
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[11, INPUT FORMAT

1. INTRODUCTION

The data preparation routines and the three major programs SMOOTH,
REACTIVITY, and FREQUENCY RESPONSE of SPORT may be used either
separately or in sequence to process data recorded either on tape or on cards.
Due to the various ways data may be processed, it is necessary that a number
of options be made available to the user. These options, the necessary con-
trol cards, and the control card sequence are described in this section.

‘ Subsection 2 of this section, Data System Options, is subdivided into five
major parts: (a) Description of types of data which may be processed; (b) Options
availahle in the Data Preparation phase of SPORT; (c) Options available in
SMOOTH; (d) Options available in REACTIVITY; and (e) Options available in
FREQUENCY RESPONSE, Options discussed in each part include input options,
processing options, and output options.

Subsection 3, System Control Cards, is subdivided into two major parts:
(a) general control cards and (b) program control cards. The type of data to
be processed, the initial data preparation and output of raw or prepared data,
and the major programs to be applied to the data are specified with the general
control cards. Processing by the major programs (including output options) is
controlled by the program control cards.

Subsection 4, Card Sequence, is a description of the cards which must
be used and the proper sequence for processing data.

If it is desired to use the various plotting options described in this chapter,
SPORT must be adopted to the digital plotting facilities available.

The routine “PLOT” supplied in binary form in the standard SPORT
program deck will generate plot tapes for use on an IBM-1401 Computer with
attached CALCOMP (California Computing Products Company) series 500
incremental digital plotter.

This PLOT routine should be replaced by an equivalent routine which will
perform the functions assigned to PLOT in the CALCOMP plotting manual
“SCOOP” and which will produce plot tapes in the proper form. The entry
point “FINI” in PLOT should close out and unload the plot tape.

2. DATA SYSTEM OPTIONS

2.1 Types of Data That May Be Processed

2.11 Type 0 Data: Card Data OQutput From SMOOTH to be entered into
REACTIVITY or card output from REACTIVITY to be entered into FREQUENCY
RESPONSE.

2.12 Type 1 Data: Card Data In Spert 1-3 Form. The format of Spert 1-3
data is as follows: A 10-digit integer identification number in Columns 1
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through 10, a 6-digit integer time value in Columns 13 through 18, and as
many as 8ix 3~-digit integer data values in Columns 26 through 28, 36 through
38, . . . . , 76 through 78, with the signs of the data values being in Columns
29, 39, . . . , 79. Data values not used may be left completely blank but
a data value that is used may not contain blank columns.

2.13 Type 2 Data: Card Data In 650 Floating-Point Form with a 10-digit
integer identification number in Columns 1 through 10. The time value must
be in columns 11 through 20 and the 1 to 6 data channel values in Columns
20 through 30, 31 through 40, . . . , 71 through 80, all in 650 floating-point form.

2,14 Type 3 Data: Type 2 Data With a Sign Over-Punched In Column 10.

2,15 Type 3 Data: Card Data To Be Read In Under A Specified Format.

Fach data card must have an integer idcntification number and 4 time
value, in that order, preceding the first data value., A maximum of six data
channels per card may be used. With these restrictions, data in any form which
can be described by a single-precision FORTRAN format statement may be
read into the system.

2.16 Type 5 Data: Data stored on a magnetic tape in 2000-point, 2021-word,’
FORTRAN Type 3 records. (See IBM 7040 Programmer’s Guide: FORTRAN
Files.) The 15th word in each record may be an integer number indicating
the order of the records on the tape. The 17th word in each record must be
an integer identification number, the 18th word the initial time, and the 19th
word the time increment between successive data points in the record. The
20th through 2019th words in each record must contain the 2000 data values.
A “channel” of Type 5 data on a magnetic tape may consist of any number of
2000-point data records with the same identification number logically arranged
on the tape in order of increasing time. In Appendix C, an example is given
of the type of scheme that should be used to convert data to SPORT Type 5
data. Appendix C contains a listing of a program which may be used to generate
Type 8 data. ,

2.17 Data Time Sequence. The SPORT data cards (data Types 1, 2, 3
and 4) must be arranged in order of increasing time. No two data cards may
have the same time value.

2.2 Options Available in the Data Preparation Phasé

2.21 Input Options. Data Types 1, 2, 3, 4, and 5 may be used as input in
the Data Preparation phase of SPORT.

2,22 Processing Options.

(1) Data Normalization. Each channel of data used in a problem
may be individually normalized according to the following scheme.

Normalized time value = (original time value times normalizing
coefficient for time) + time shift.

Normalized data value = (original data value times normalizing
coefficient for data ) + data shift.
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(2) Data Compositing. The normalized data channels used in a problem
may be combined into a single “composite” data channel during data preparation.

(3) Logarithmic Conversion. The normalized data to be used in a
problem may be converted into natural logarithmic form during data preparation.

2.23 Output Options.

(1) Data listing and card output. The prepared data may be listed in
decimal form. In addition, the prepared data may be punched out on IBM cards,
one data value per card, in exponential and normalized decimal form.

(2) Plots of prepared data. The prepareddata may be plotted in semilog
or linear form.

2.3 Options Available in the SMOOTH Program

2,31 Input Options. Data Types 1, 2, 3, 4 and 5. Data which is to be
smoothed for use in the REACTIVITY program must be in natural logarithmm
form.

2.32 Processing Options. Input data may be smoothed on any odd number
of points from 3 to 99 inclusive. One set of data may be resmoothed as many as
9 times. It should be noted that if theinputdata are separated by equal time
increments and if the output values have this same time increment, the time
required to smooth a set of data will be reduced by approximately one-third.

2.33 Output Options. The SMOOTH output listing and SMOOTH output cards
are optional, A binary output tape for use as input to other programs is optional.
Linear or semilog plots of coefficient C and linear plots of coefficient B are
optional. Plot size, scaling, and range of data plotted may be designated.

2.4 Options Available in the REACTIVITY Program "

2.41 Input Options. Input to the REACTIVITY program may be in two
forms: (a) input data which areprocessed in sequence by the SMOOTH and
REACTIVITY programs or (b) direct card input.

2.42 Processing Options. Up to 50 delayed neutron groups may be used.
Initial delayed neutron precursor concentrations may be read in or calculated
by the program. The initial energy may be read in or calculated and a neutron
source term may be specified.

2.43 Output Options. The REACTIVITY output listing and output cards
are optional. Plots of power, reactivity, and energy are optional. Form (linear
or semilog), size, scaling, and range of data plotted may be designated.

2.5 Options Available in the FREQUENCY RESPONSE Program

2.51 Input Options. Input to the FREQUENCY RESPONSE program may
be in several forms: (a) input data processed in sequence by the REACTIVITY
and FREQUENCY RESPONSE programs, (b) input data processed in sequence
by the SMOOTH and FREQUENCY RESPONSE programs, (c) Type 5 (tape)
data, or (d) direct card input.
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2.52 Processing Options. Frequencies may be entered in rad/sec or in
cps. The transform of a single data trace or the ratio of transforms of two
data traces may be calculated. The input data may be multiplied by an€xponential
function of time. Two traces of input data may be .smoothed and then processed
simultaneously, one as the numerator and the other as the denominator in the
ratio of transforms. Alternately, the difference between data values in the two
traces may be calculated, and the transform of this difference used as the
numerator and the transform of one of the two channels as the denominator in
the ratio of transforms.

2.53 Output Options. Card output and plots of the magnitude and phase of
the FREQUENCY RESPONSE output are optional.

3. SYSTEM CONTRQL CARDS

The system control cards may be divided into two categories: (a) general
control cards and (b) program control cards. The general control cards serve
to initiate processing while the program control cards control the actual
processing of the data with the various programs.

3.1 General Control Cards

3.11 PART Card. The PART card serves to (a) designate the programs
that will be applied to the data and (b) to control the data preparation portion
of the processing.

(1) Column 1; Basic Processing Scheme,

Blank or zero: Data preparation only (as described under
DATA SYSTEMS OPTIONS, Siub-
scction 2.2).

One: Data preparation and SMOOTH.

Two: Data preparation, SMOOTH and REAC-
' TIVITY. REACTIVITY results are then
avallable (In the computer) as input to
FREQUENCY RESPONSE (see column 2

below), '

Three: Data preparation and SMOOTH., SMOOTH
results are then available (in the com-
puter) as input to FREQUENCY RESPONSE
(see column 2 below).

Four: Direct card input (no preparation) into
REACTIVITY. REACTIVITY results are
then available (in the computer) as input
to FREQUENCY RESPONSE (see column
2 below). o

Five: Case 1 -~ For data Types 0, 2, 3 and 4:

direct card input (no preparation)to
FREQUENCY RESPONSE, Case 2 -- For
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data Type 5: Data preparation. The pre-
pared data is then available as input
to FREQUENCY RESPPONSE.

(2) Column 2: Processing with Frequency Response. (Column 2
has significance only if a 2, 3, 4, or 5 is entered in Column 1.)

Blank or zero: No processing with FREQUENCY RE-
SPONSE.

One: Data will be processed with FREQUENCY
RESPONSE.

(3) Column 3: Data Type (as described in Subsection 2).

(4) Columns 4, 5, and 6: Number of data Channel Sections to be
Used in the Problem. If each channel section is to be processed
separately as indicated by Columns 1 and 2, this number must be
positive. If the channel sections are to be composited into a single

data curve and then processed, this number must be negative. |

(5) Column 7: Output of Data Before Processing with Principal
Programs, ‘

Elank or zero: No data output.
One: Listing of prepared data.
Two: Listing and card output of prepared data.

(6) Column 8: Logarithmic Conversion

Blank or zero:Input data will remain in original form.

One: Natural logarithm of normalized input data
will be processed.

(7) Column 9: Reserved for Additional Options. Should he left
blanls,

(8) Column 10: Plots of Data before Processing with Principal
Programs. .

Blank or zero: No plots.

One: 10~ by 7-inch semilog plots,
' (10~inch abscissa, 7-inch ordinate)

Two: 10- hy 7-incf1 linear plots.
(10~inch abscissa, 7-inch ordinate)

(A two should be entered if the data were originally in logarithmic
form.) '
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(9) Columns 11 through 72: Problem Title. Used to head
each page In the problem output and to title all normalized data
plots.

3.12 CHANNEL Card. The purpose of the CHANNEL card is to control the
selection and normalization of a section from a single channel of input data.
If a composite data channel is tobe formed during data preparation, the CHANNEL
card must also specify the position of the section in the composite channel.

(1) Columns 1 through 10: Channel Identification Number. Card
data (Types 1 through 4): Columns 1 through 9 are left blank,
and the channel number of the data to be processed is entered in
Column 10. The channel number of data in word three on the data
cards is 1, that of word four is 2, and so on up to a maximum of
6 channels per card, Tape data (Type 5). Columns 1 through 10
muet oontuin the identification number that is stored in the 17th
word of the daly record,

(2) Columns 11 through 30: (Floating point) Time range in which
data are to be made available for processing,

Minimum time: Columns 11 through 20 (assumed zero
if left blank).

Maximum time: Columns 21 through 30 (assumed 1030 if
left blank).

(3) Columns 31 through 50: (Floating point) Normalizing Coefficient
as defined by Equation (1). (Applied before correctional shifts
entered in Columns 51 through 70.)

Normalizing coefficient for time: Columns 31 through 40. (Assumed
one if left blank.)

Normalizing coefficient for data: Columns 41 through 50. (Assumed
one if left blank.) .

(4) Columns 51 through 70: (Floating point) Correctional Shifts
as defined by Equation (1). (Applied to normalized time and data
values.)

Time shift: Columns 51 through 60. (Assumed zero if left
blank.)

Data shift: Columns 61 through 70. (Assumed zero if left
blank.)

(5) Columns 71 through 74: Data Reel Number (Type 5 data only).
If the reel number of the data tape is known, it should be entered
on the first CHANNEL Card. If not, Columns 71 through 74.
should be left blank, and the data tape will be called for by the
Channel Identification Number on the first CHANNEL Card.
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(6) Columns 75 through 78: File Index Number (Type 5data only).
The index number (word 15 in a SPORT Type 5 data record) may
be entered if it is necessary to distinguish between several data
records with the same identification number.

3.13 FORMAT Card. The purpose of the FORMAT card is to specify how
Type 4 data values (see Subsection 2.1) are arranged on the data cards.

(1) Column 1: The number of data channel values per card.

(2) Columns 2 through 80: A single-precision FORTRAN format
statement, excluding the word “FORMAT?”. This format statement
must describe the form and arrangement of the identification
number, time value, and 1 to 6 data channels.

3.14 END-OF-DATA Card. The purpose of the END-OF-DATA card is to
indicate that the preceding card was the last card in the data deck. It is simply
a blank card.

3.15 INPUT Card. The purpose of the INPUT card is to identify card data
which is to be read directly into the REACTIVITY or FREQUENCY RESPONSE

subroutines.

(1) Columns 1 through 10: Identification Number onthe data cards.

(2) Columns 11 through 20: (Floating point) Time Increment
between successive data cards.

3.16 CONTINUE Card. The purpose of the CONTINUE card
is to indicate that at the completion of the current problem, processing is to
continue on a new problem. This card contains *CONTINUE starting in Column 1.

>

3.17 STOP_ Card. The purpose of the STOP card is to indicate that at the

completion of the current problem, processing is to stop and that the plot tape
is to be closed out and unloaded. This card contains *STOP starting in Column 1.

3.2 Program Control Cards

3.21 SMOOTH TITLE Card. The purpose of the SMOOTH T1TLE Card is
to title and identify the SMOOTH output. 1t may contain any characters in column
2 through 80.

3.22 SMOOTH CONTROL Card. The purpose of the SMOOTH CONTROL
Card is to control the processing done by SMOOTH.

(1) Columns 1 through 10: Identification Number of the Data.

(2) Columns 11 through 20: (Floating point) Time Step between
Output Points.

(3) Columns 21 through 40: (Floating point) Time Range. Data
at time values less than the value listed in Columns 21 through

30 will be ignored.
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(4) Columns 41 through 60: (Floating point) Time for First
SMOOTH Calculation, Columns 41 through 50 contain the value
(on the input data time scale) at which the first SMOOTH cal-
culation will be made. If this value is left blank (or is too small),
the minimum possible time value will be used. Columns 51 through
60 contain the value that will be given to the first point in the
output data. If the value in Columns 41 through 50 is reset, the
value in Columns 51 through 60 will also be reset to maintain
the same shift.

(5) Columns 61 through 62: Number of Points on which to Smooth.
(May be any odd number from 3 to 99, inclusive.)

(6) Column 63: Output Control,
0: Listing |
1: Listing and cards
3: No listing or card output.

(7) Column 64: Type of Plot.

0: No plots
1: Semilog plot of coefficient C.
2: Linear plot of coefficient C.

3: Semilog plot of coefficient C with a linear plot of co-
efficient B superimposed.

4: Linear plot of coefficient C with a linear plot of co-
efficient B superimposed.

(8) Column 65: Form of Data to be Plotted.

0: Data is log-base=-e.
2: Data is linear.
(9) Column 66: Plot Size and Scaling Control. A non-zero integer

in Column 66 indicates that a SMOOTH Plot Scaling Card will
follow the SMOOTH Control Card.

(10) Column 68: Number of Smoothing DPasses to be made. If
Column 68 is left blank, one pass will be muade. All the available
data tHat lies in the time range specified in Columns 21 through 40
will be smoothed in preliminary passes. All the SMOOTH output
options will be suppressed until the final pass.

(11) Column 69: Binary Tape Output. (May be ignored if binary
tape is not desired.)
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1: Binary tape will be rewound before writing.
2: Binary tape will not be rewound before writing.

(12) Column 70: Binary Tape Unload. A non-zero integer in
Column 70 will cause the binary tape to unload. The last data
record on the tape will be followed by a record with its first
word set to 20000000002 and then an end-of-file mark.

3.23 SMOOTH PLOT SCALING Card: The purpose of the SMOOTH PLOT
SCALING Card is to provide various sizes of SMOOTH plots. (See Column 66,
SMOOTH CONTROL Card,)

(1) Columns 1 through 20: (Floating point) Abscissa Scaling.
(Optional; must be in linear form.,)

1 through 10: Minimum value on abscissa,
11 through 20: Maximum value on abscissa.
(2) Columns 21 through 40: (Floating point) Ordinate Scaling.

(Optional; must be in linear form for a linear plot or log-base-10
form for a semilog plot.)

21 through 30: Minimum value on ordinate.
"~ 31 through 40: Maximum value on ordinate.

(3) Columns 41 through 60: (Floating point) Scaling Coefficient B.
(Optional; must be in linear form.)

41 through 50: Minimum value on B axis.
51 through 60: Maximum value on B axis.

(4) Columns 61 through 64: Plot Size (Optional; assumed 10-inch
abscissa, 7-inch ordinate if left blank,)

61 through 62: Length of abscissa in inches (Minimum
3-inches, maximum 99-inches).

63 through 64: Length of ordinate in inches (Minimum
3-inches, maximum 26-inches).

3.24 REACTIVITY TITLE Card. The purpose of the REACTIVITY TITLE
Card is to identify output from REACTIVITY. It may contain any characters
in Columns 2 through 80.

3.25 REACTIVITY CONTROL Card. The purpose of the REACTIVITY
CONTROL Card is to control input and output procedures and supply certain
basic parameters.

(1) Columns 1 through 10: (Floating point) IIB.'_' (See definitions
page 18). )
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(2) Columns 11 through 20. (Floating point) 0, The Initial Re~
ciprocal Period.

(3) Columns 21 through 22, The Number of Delayed Neutron Groups.

(4) Column 23, Initial Precursor Concentrations

0: REACTIVITY calculates concentrations.
1: Concentrations to be furnished as input.

(5) Column 24. Output Control

0: Listing of output.
1: Listing and card output.
3: No listing or card output.

(6) ‘Column 25. Initial Energy 4

0: Initial energy will be calculated,
1: Initial energy will be supplied in Columns 31 through 40.

(7) Columns 26 through 28. Plot Control. In each column, a 1
indicates a semilog plot while a 2 indicates a linear plot of the

corresponding parameter,

‘Column 26; Linear power.
Column 27: Reactivity.
Column 28; Energy. -
(8) Column 29, Plot Size and Scaling Control. A non-zero integer

indicates that a REACTIVITY PLOT SCALING Card will follow the
REACTIVITY :Control Card.

(9) Columns 31 through 40. (Floating point) Initial Energy (see
Column 25).

(10) Columns 41 through 50. (Floating point) Source Term (must
be entered in units of power per unit time).

3.26 REACTIVITY PLOT SCALING Card. The purpose of the REACTIVITY

PLOT SCALING Card is to provide various size plots of the output from
REACTIVITY,

(1) Columns 1 through 10. (Floating point) Abscissa Scaling in
Power Plot. (Optional, may be left blank.)

1 through 5: Minimum abscissa value. A

6 through 10: Maximum abscissa value.
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(2) Columns 11 through 20. (Floating point) Ordinate Scaling in
Power Plot. (Optional; must be in linear form for a linear plot;
. or log-base-10 form for asemilog plot.)

11 through 15: Minimum ordinate value.
16 through 20: Maximum ordinate value.

(3) Columns 21 through 24, Plot Size for Power Plot. (Assumed
10-inch abscissa,.7-inch ordinate if left blank,)

21 through 22; Length of abscissa in inches. (minimum
3-lnches, maxlmuiy 99=inclies,

23 through 24: Length of ordinate in inches (minimum
3-inches, maximum 26 ~-inches).

(4) Columns 26 through 35. (Floating point) Abscissa Scaling in
Reactlvity Plots (Optional).

26 through 30: Minimum abscissa value.
31 through 35: Maximum abscissa value.

(5) Columns 36 through 45, (Floating point) Ordinate Scaling in
Reactivity Plots. (Optional; form must agree with that of the plot.)

36 through 40: Minimum ordinate value.
41 through 45: Maximum ordinate value.

(6) Columns 46 through 49. Plot Size for Reactivity Plot. (Assumed
10-inch abscissa, 7-inch ordinate if left blank.)

46 through 47: Length of abscissa in inches (minimum
3-inches, maximum 99-inches).

48 through 49: Length of ordinate in inches (minimum
' 3-inches, maximum 26-inches).

(7) Columns 51 fhrough 60. (Floating point) Abscissa Scaling in
Energy Plots (optional),

51 through 55: Minimum abscissa value.
56 through 60: Maximum abscissa value.

(8) Columns 61 through 70. (Floating point) Ordinate Scaling in
Energy Plots. (Optional; form must agree with that of the plot.)

61 through 65: Minimum ordinate value.

66 through 70: Maximum ordinate value.



(9) Columns 71 through 74. Plot Size for Energy Plots. (Assumed
10-inch abscissa, 7-inch ordinate if left blank.)

71 through 72: Length of abscissa in inches (minimum
3-inches, maximum 99-inches).

73 through 74: Length of ordinate in inches (minimum
3-inches, maximum 26-~inches).

3.27 LAMBDA Card. (Floating point) The purpose of the LAMBDA Card
is to enter the decay constants of the delayed neutron groups. The decay
constants are entered, eight per card, in ten column fields.

3.28 F Card. (Floating point) The purpose of the F Card is to enter the
values of fj for each delay group. The values of f; are entered eight per card
in ton column ficlda.

3.29 W Card, (Floating point) The purpose of the W Card is to enter the
initial values of wijif this option is chosen. (See Column 23 of the REACTIVITY
CONTROL Card.) The values of W; (see definitions, page 18) are entered eight per
card in ten column f1e1ds

3.210 FREQUENCY RESPONSE TITLE Card. The purpose of the
FREQUENCY RESPONSE TITLE Card is to identify the FREQUENCY RESPONSE
output. It may contain any characters in Columns 2 through 80.

3.211 FREQUENCY RESPONSE CONTROL Card. The purpose of the
FREQUENCY RESPONSE CONTROL Card is to control the options available
in this program,

(1) Columns 1 through 3: Number of Frequencies

(2) Column 4: Word [#] which Contains the Numerator,

(3) Column 5; Word [2] which Contains the Denominator.

[a] Significance of numerator and denominator word numbers.

REACTIVITY output

Word 1: linear power

Word 2: reactivity

Word 3: compensated reactivity

Word 4: energy

Word 5: shutdown coefficient (see page 22)

SMOOQOTH output

Word 1: coefficient C (smoothed data value)
Word 2: coefficient B (slope of smoothed data)
Word 3: coefficient A

Direct card input

Word 1 corresponds to the first data value on the card, word 2 to the
second, etc.
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(4) Column 6:

Ratio Control

(5) Column T7:

1

The ratio of the transform of the numerator
to the transform of the denominator will be
calculated.

:. Only the transform of the numerator will be

calculated.

: Two data traces are smoothed, and the first

un is used as the numerator while the second
run is used as the denominator. :

: Same as Option 3 except the denominator is

first subtracted from the numerator and then

. the ratio is calculated.

(6) Column 8:

Plot Control

1: Plot of only the magnitude of the results.

2: Plot of both the magnitude and the phase of
the results,

Card Output

(7) Column 9:

Card output of results is obtained by entering
a non-zero integer in Column 8. ’

Units Control

0:

Frequencies will be entered in radians per
second. )

: Frequencies will be entered in cycles per

second.

(8) Columns 21 through 30: Alpha, If a non-zero, floating point.

quantity < is entered in Columns 21 through 30, the input values
will be multiplied by exp(=Cit).

oy

3.212 OMEGA Card. (Floating point) The purpose of the OMEGA Card is
to enter the values of the frequencies at which calculations will be made. These
values are entered eight per card in the ten column fields.

4. CARD SEQUENCE

(1) A PART Card is always the first control card in any problem.

(2) The CHANNEL Card(s) follow the PART Card. Up to 50 CHANNEL

Cards may be used.
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For individual processing of several channels of data [a], N, the value
entered in Columns 4, 5, and 6 on the PART Card should be positive, and there
should be one CHANNEL Card for each channel of data to be processed.

For assembly of the prepared data into a composite channel (2], N, should
be negative, and there should be one CHANNEL Card for each section of data
to be incorporated in the composite channel. The order of the CHANNEL Cards
must be the order in which the sections are to be assembled. Time values on
CHANNEL Cards must be in the normalized and shifted time scale and must
form a logical sequence. Data may be eliminated byenteringa largetime shift
on the corresponding CHANNEL Card. An INPUT card replaces the set of N
CHANNEL Cards in the special case of card data which are to be entered
directly into the REACTIVITY or FREQUENCY RESPONSE Program.

(3) FORMAT Card (Type 4 data only).

(4) DATA DECK (dala Types 0, 1, 2, 3, and 4)

(5) END-OF-DATA Card (data Types 0, 1, 2, 3, and 4)

(6) Program Control Card Sets. A Program ControlCard Set contains either
all the Program Control Cards necessary to process -one of the N individual
channels specified on the CHANNEL Cards or all the Program Control Cards

necessary to control the processing of the one composite channel formed during
data preparation.

If N (Columns 4, 5, and 6 on PART card) is positive, N sets of Program
Control Cards are needed, in the same order as and corresponding to, the
N CHANNEI cards.

If N is negative, only one set of Program Control Cards is needed.

(¢) SMOUTH Program: The control card sequence necessary to
control data smoothing is

SMOOTH Title card

SMOOTH Control Card

SMOOTH ‘Plot Scaling Card (Used only if Column 66 on
the SMOOTH Control Card contains a non-zero integer.) -

[a] Data Availability

1, Data Types 1, 2, 3 and 4 (card data): Any of the data channels on the
data channels on the data cards may be selected on any of the CHANNEL
Cards. :

2. Data Type 5 (tape data): Any of the data channels stored in the data
tape may be selected except those that precede the channel specified
on the first CHANNEL Card. Thefirst CHANNEL Card may be a “dummy”
that serves only to position the data tape. In this case, the minimum

" and maximum times entered on the first CHANNEL Card should be the
same as the minimum time entered on the second CHANNEL Card.
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(b) REACTIVITY Program: The control card sequence necessary
to calculate reactivity and energy from SMOOTH data is

REACTIVITY Title Card

REACTIVITY Control Card

REACTIVITY Plot Scaling Card (Used only if Column 29
on the REACTIVITY Control Card contains a non-zero
integer.)

LAMBDA Card(s)

F Card(s)

W Card(s) (Used only if Column 23 on the REACTIVITY
Control Card is non-zero.)

(c) FREQUENCY RESPONSE Pi'ogram: The necessary control card
sequence is

FREQUENCY RESPONSE Title Card
FREQUENCY RESPONSE Control Card
OMEGA Card(s)
(7) PROBLEM TERMINATION Card (The last cardinany problem).

CONTINUE Card; Used if another problem follows the
current one.

STOP Card: Used if the current problem is the last one
to be processed.

57



IV, OUTPUT FORMAT

1. INTRODUCTION

The SPORT processing system generates output in four forms: (a) output
listings, (b) punched output on cards, (c) CALCOMP computer plots, and
(d) output in binary form on-tape. In this section, the form and arrangement of
output generated by SPORT in the data preparation section and in the SMOOTH,
REACTIVITY, and FREQUENCY RESPONSE programs are described.

2. DATA PREPARATION OUTPUT

The PART card and the CHANNEL cards or INPUT card are listed on the
first page in the SPORT output (page 59). Next (if called for), is a listing of
the input data in final normalized form (page 60). The normalized data is
punched on cards in the format:

(110, 5%, F.2.6, 5%, E1Lk.7, 5%, ¥20.8)

where the first quantity is the identification number, the second the time value,
and the third and fourth the data value in exponential and normalized decimal
form, respectively.

Figure 13 is an example of a SPORT normalized data plot.
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Fig. 13 Plot of power data as prepared by the SMOOTH program.,
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SPORT 03/15/65

SYSTEM FOR PROCESSING REACTOR TRANSIENT DATA

PART CARD WAS 211 -71101

SAMPLE OUTPUT FROM THE SPORT PROGRAM

CHANNEL FILE NO MINIMUM MAXIRAUM NORMALIZING COFFFICIENTS TIME SHIFT DATA SHIFT
1D NO (IF ANY) TIME TIME TIME DATA .
3 -0 =Qe 0.255000 0.000100 1.0000000E-01 ~0. =0
5 -0 0.255000 0.280000 0.000100 1.0000000E 00 ~0. -0.
6 -0 0.280000 0.313000 0.000100 1.0000000E 01 -0. -0.
5 -0 0.313000 0.333000 0.000100 1.0000000E Q0 =0 =0,
3 -0 0.333000 0.399000 0.000100 1.0000000E-01 -0. -0.
5 -0 0.399000 1.023000 0.000100 1.0000000E 00 -0. -0.
3 et ¢] 1.023000 Xo XXXXXX 0.000100 1.0000000E-01 ~0. ~0a
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SPORT 03/15/65 SAMPLE QUTPUT FROM THE SPORT PROGRAM PAGE 2

NDRMALIZED COMPOSITE DATA 24031151

LN(DATA) TAKEN IN INPUT SUBROUTINE

0.200000 —-1.204E 00 0.278900 5.838E 00 0.344000 2.728E 00 0.455500 4.942E 00 0.700000 4.812€ 00
0202000 -1.609E 00 0.280100 5.940E 00 0.346500 _2,747E 00 0.458000 4.984E_00 0.709800 4.820E 00

0.204100 -1.609€E 00 0.281100 6.016E 00 0.348300 2.741E 00 0.460000 5.017€E 00 0.719800 4.852E 00
0205400 -1.609E 00 0.282500 6.109E 00 0.350000 2.747E 00 0.462800 5.08lE 00 0.729700 4.875E 00
0.207500 -1.609E 00 0.284000 6.292F 00 0.352600 2.7T73E 00 0.465100 5.100E 00 0.739600 4.890E 00

0.209300 —-1.204E 000 0.286000 6.380E 0O 0.354500 2.797E 00 0.468000 5.142E 00 0.749600 4.934E 00
0.211000 -1.204E 00 0.287800 6.492€ 00 0.356300 2.815E 00 0.470100 5.159€E 00 0.759600 4.913E 00
0212300 -9.163E-01 0.289200 6.607E 00 0,358200 2.839€ 00 0.472500 S5.153E 00 0.769900 4.898€ 00

0.214000 -6.931E-01 0.290600 6.685€ 00 0.360000 2.862E 00 0.475000 S5.159E 00 0.780000 4.949E 00
0.216300 -3.567E-01 0.292300 6.791E 00 0.362300 2.890€ 00 G.477400 5.182E 00 0.790100 4.942€ 00
0.218300 -2,231E-01 0.293600 6.835E 00 0.364000 2.912€ 00 0.480100 5.193E 00 0.800000 4.927E 00

0.220000 -2.231E-01 0.294900 6.888E 00 0.366200 2.944E 00 0.483600 5.182& 00 0.810000 4.913E 00
0.222200 9.531£-02 0.296400 6.928E 00 0.368100 2.976E 00 0.487200 5.176E 00 0.820000 4.920E 00
04223600 2.624E-0} 0.297900 6.985€E QO 0.370000 2,996E 00 0,490100 S5.147E 00 0.830000 4.927E 00

0.225400 4.055€-01 0.299000 6.975E 00 0.371800 3.040€ 00 0.,494000 5.130E 00 0.840000 4.920E 00
0.227200 5.878E-01 0.299800 6.975E 00 0.373600 3.073E 00 0.497100 5.075€ 00 0.850000 4.905E 00
— 0228800 7.419E-01 0.300400 6.947E 00 0.375800 3.096€ 00 0.500000 5.043E_00__ 0.860000 4.920€ 00

0.230500 9.933E-01 0.301800 6.947E 00 0.378000 3.131E 00 0.505700 4.970E 00 0.870000 4.927E 00
0.232500 1.131€ 00 0.302700 6.928E 00 0.379900 3.186F 00 0.510300 4.898E 00 0.880000 4.934E 00
— 0.234600 1.386F 00 0.303700 6.888E 00 0,382500 3,235E 00 0.515500 4.804E 00 __0.890000 4.927E 00

0.236300 1.548E 00 0.304800 6.835E 00 0.384100 3.266E 00 0.520400 4.736E 00 0.900000 4.949E 00
0.238200 1.740E 00 0.306200 6.709E 00 0.385800 3.300€ 00 0.525300 4.691E 00 0.910000 4.942E 00
—— 0.239600 1.887EF 00 0.307300 . -3886 3.360E 00___Q.530300 4.615€E_0QQ 0.920000 4.927E 0Q

0.241200 2.054E 00 0.308400 6.551E 00 0.389900 3.388E 00 0.535400 4.575E 00 0.930000 4.934E 00
0.242900 2.230€ 00 0.309200 6.492E 00 0.392300 3.440E 00 0.540100 4.554E 00 0.940000 4.920E 00
— 0.244800 2.434E 00 0.310200 6.,380E 00 0.394400 3.487€ 00  0.545000 4,554E_00 0.950100 _4.934E_00

0.246600 2.639E 00 0.311300 6.273E 00 0.396400 3.529E 00 0.550000 4.522E 00 ©.960000 4.927E 00
0.2647600 2.728E 00 0.312500 . 6.109E 00 0.398000 3.561E 00 0.554800 4.533E 00 ©0.970100 4.905E 00
04248700 2.839E. 00 ___0.313300__5.996E Q0 0.400000 3.638E Q0 0.559900 4.564E 00 X< XXXXXX__ 0,

0.250600 3.025E 00 0.315200 5.652E 00 0.403500 3.889E 00 0.565100 4.615E 00
0.252300 3.199€ 00 0.316400 5.460E 00 0.405400 3.689E 00 0.569900 4.635E 00
. 0.253100 3.285E 00 _ 0.317700 5.,204€E 00 _0,407600 3.829E 00 0574900 4« 663E_00___

0.254000 3.378E 00 0.319000 4.977E 00 0.410000 3.871E 00 0.580000 4.700E 00
0.255200 3.526E 00 0.319900 4.736E 00 0.413100 3.970E 00 0.585000 4.754E 00
04256400 3.689E_00__ _0.320900__4.533E 00  0.415400 4.060E 00 0.590100 _4.779E 00

0.257600 3,807t 00 0.323700 3.989E 00 0.417800 4.060€ 00 0.595500 4.844E 00
- 0259300 4.043E 00 0.324800 3.829E 00 0.420000 4.094E 00 0.600000 4.828E 00
——0.261000__4.174E 00 0.325700._3.689E 00 0.422800 4.174E 00 0.605200 . 4.860E 00

0.262300 4.290E 00 0.326700 3.526E 00 0.425300 4.263E 00 0.610000 4.890E 00
0.263800 4.454E 00 0.328100 3.332€E 00 0.427800 4.331E 00 0.615000 4.920E 0O
e 00265100 _40.522E 00  0.329200___3.401E_00 0.429900 4.382€E 00  0.619900 _4.949E Q0

0.266700 4.710E 00 0.330500 3.296E 00 0.432800 4.443E 00 0.625100 4.949E 00
0.267800 4.796E 00 0.332200 3.045E 00 0.435200 4.489E 00 0.629B00 4.956E 00
04269200 4.949E _00._._.0.333600 2,851F 00 0.438000_ 4.554E 00 0.635100 4.934E_00

0.270900 5.100E 00 0.335100 2.809E 00 0.440000 4.605E 00 0.639800 4.934E 00
0.272200 5.209t 00 0.337100 2.754E 00  0.442600 4.682€ 00 0.649700 4.920E 00
~0.273600.. _5.357E.00._ 0.338600__2.747€..00.___0.445200__4,745€ 00 .0.,659700_._4.875€_00

0.275100 5.505E 00 0.339900 2.734€E 00 0.448000 4.812E 00 0.669800 4.852E 00
0.276700 5.631E 00 0.340000 2.734E 00 0.450000 4.860E 00 0.680000 4.844E 00
04277900 5.740E 00 0.342000. 2.721E:-00 _ 0.453500__ 4.905€ 0Q__ 0.690000 __4,.,820E_00

DATA PREPARATION REQUIRED 0 MIN 46.8 SEC AND DATA PLOT REQUIRED O MIN 9.8 SEC
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3. SMOOTH PROGRAM OUTPUT

The values on the SMOOTH CONTROL Card are listed on the first page
in the SMOOTH program output in the same order in which they were entered
(page 62). The labels identifying the code words entered in Columns 61 through 70
must be read from top to bottom. If the time at which the first SMOOTH cal-
culation is to be made has to be reset, SMOOTH will print out the corrected
value. The identification number, time, and coefficients, C, B, and A, may be
listed at eachoutput point, 50 points per page, and punched on cards in the format:

(110, F16.6, 3F16.7)

Pages 63 and 64 are examples of the first and last pages in the SMOOTH
output listing. '

The smoothed data values may be transferred in binary form to a special
output tape. This tape contains a number of 400-word, FORTRAN Type 3 records.
In the first record, only the first four words are significant. Word one is the
integer identification number of the smoothed data; word two is the integer
channel number; word three is the time increment in the smoothed data; and
word four is the integer number of smoothed data points. The second and
succeeding records contain the time value and coefficients, C, B, and A (in
that order), for 100 successive data points. All of the 400 words in the last
record may not be significant. Appendix C contains a listing of a program which
may be used to read the hinary tape generated by SMOOTH.

Figure 14 is an example of a SMOOTH output plot of coefficients C and B.
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Fig. 14 Plot of power data and slope as prepared by the SMOOTH program,
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SPDRT 03/15/55 ) SAMPLE OUFPUT FROM THE SPORT PROGRAM

QUADRATIC SMODTHING PROGRAM NL SOR

_ A U.1 PDC R E
INFORMATION ON THE SMOOTH YITLE CARD IS PRINTED HERE M S LAAD C

' ~ BT OTLEY

PASS NUMBER 1 1D NO DELTA T T MINIMUM T MAXIMUM . T START- CAL 1ST OUTPUT T R G TAE R L

SMODOTH CONTROL' CARD WAS- 24031151 0.001000 -0. -0. -0, .-0. 210 300 0

CONTROL WODRDS RESET - , 0.217300 0.217300

CALCULATIONS REQUIRED 0 MIN .7.6 SEC

BEGIN PASS 2

~ CONTROL WORDS RESET - . 0.217300 0.217300

>e



SPORT 03/15/65

SAMPLE OUTPUT FROM THE SPORT PROGRAM

SMDOTH PROGRAM OUTPUT LISTING FOR CHANNEL 0
ID_NUMBER TIME c 8 A
24031151 ‘0217300 =0.4996546 103.1513481 2257.1232910
24031151 0.218300 =-0.3399733 103.7023516 874.3408203
24031151 0.219300 -0.2109451 104.1741114 207.8264160
24031151 0.2203060 -0.0913869 1U4.31181U1 =239.917236]
24031151 0.221300 0.0237759 104.1818142 -555.6202393
24031151 0.222300 0.1165129 102.7672749 -199.1550903
24031151 '0.223300 0.2244377 102.8508348 -376.7765732
24031151 0.224300 0.3146244 101.1550493 14.2541607
24031151 0.225300 0.4124821 100.8328056 189.3391113
24031151 0.226300 0.5147860 101.3788919 143.3051758
24031151 0.227300 0.6272528 103.6343822 -307.3791504
24031151 0.228300 0.7265447 103.0831270 -123.3586426
24031151 0.229300 0.8283663 102.9740791 -68.7431641
24031151 0.230300 0.9295034 102.7939072 10.3012695
24031151 0.231300 1.0298466 102.5432405 115.5253906
24031151 0.232300 1.1313293 102.5753593 164.2382812
32766 02.613 6.6264648
24031151 0.234300 1.3353653 102.8016453 221.5419922
24031151 0.235300 1.4384027 103.0311441 216.0673828
_24( g 6
24031151 0.237300 1.6479278 103.6170912 85.4482422
24031151 0.238300 1.7522640 103.8473673 58.1206055
24031151 0,.239300 1.8569342 104.1073437 26.7661133
24031151 0.240300 1.9621183 104.3871880 -15.6210937
24031151 " 0.241300 2.0666708 104.5208359 ~20.0810547
24031151 0242300 2.1709748 104.7135792 —5.9042969
24031151 0.243300 2.2748967 104.8554544 33.1259766
24031151 0.244300 2.3787201 104.9985676 83.0644531
_24031151 ~  0,245300 = 2,4825248 @ 105.1213951 = 139,8642578
24031151 0.246300 2.5862420 105.2268457 205.7871094
24031151 0.247300 2.6909777 105.4858828 233.8730469
0.248300 .3 Se 8906
24031151 0.249300 2.9039655 106.1084976 171.3818359
24031151 0.250300 3.0110043 106.2774277 133.1093750
06.3675909 0.5078125 _
24031151 . 0.252300 3.2261320 106.3934708 23.3906250
24031151 0.253300 3,333932n 106.3542700 -41.1699219
24031151 0.254300 3.4418737 106,2259665 -115.8701172
24031151 0.255300 3.5496849 105.9564419 -193.6962891
24031151 0.256300 3.6573533 105.5618258 -280.0888672
24031151 0.257300 3.7641913 104,.9732380 .—351.1533203
24031151 0.258300 3.8698580 104.2437353 -399.0292969
24031151 0.259300 3.9749616 103.4585485 -455.6992187
24031151 0.260300 4.0792487 102.5253763 —514.3085937
24031151 0.261300 4.1820185 101.5158148 -548.2050781
24031151 0.262300 4.2831175 100.4835253 =552.6992187
24031151 = 0.263300 = 4.3829 - 9
24031151 0.264300 4.4817572 98.5055304 -536.4394531
24031151 0.265300 4.5791535 97.5833216 -507.1152344

24031151  0.266300 = 4.6754189  96.7018213 ~467.4238281 =~
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SPORT 03/15/65

SAMPLE OQUTPUT

FEROM THE SPORT PROGRAM

SMOOTH PROGRAM QUTPUT LISTING FOR CHANNEL

ID NUMBER TIME o B A
24031151 0.867300 4.9278864 0.1007919 12.4816895
24031151 0.868300 4.9285717 _ 0.1961441 4.7518125 -
24031151 0.869300 4.9297699 0.4112244 -6.3645020"
24031151 0.870300 409299526 0.3952179 -5.7084961
24031151 0.871300 4.9305982 0.4895706 -8.6699219
24031151 0872300 4.9303113 0.3314590 -4.8402100
24031151 0.873300 449304335 0.2890320 -4,0840771

24031151 == 0.874300 4.931046176 * 0.3873062 ~-6.1068115
24031151 0.875300 4.9314288 0.3750916 ~6.1068115
24031151 0.876300 4.9317978 0.3628769 ~6.1066895

CALEULAYIONS REQUIRED

0 MIN 34.4 SEC AND PLOT REQUIRED O MIN 25.0 SEC
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4., REACTIVITY PROGRAM OUTPUT

The values on the REACTIVITY CONTROL Card are listed on the first
page in the REACTIVITY program output in the same order in which they were
entered (page 66). The labels identifying the code words entered in columns
21 through 30 must be read from top to bottom. The REACTIVITY PLOT SCAL-
ING Card (if used) is listed next, then the LAMBDA cards, the F cards, and,
finally, the W cards (if any). The identification number, time, linear power,
. total reactivity, compensated reactivity, energy, and shutdown coefficient may
be listed at each output point, 50 points to a page, and punched on cards in the

format: (110, F10.6, Fl2.k, 2F12.6, F12.k, F12.8) .

Pages 67 and 68 are examples of the first and last pages in the REACTIVITY
output listing.

Figures 15, 16, and 17 are examples of REACTIVITY output plots.
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Fig. 15 Plot of power data as prepared by the REACTIVITY program.
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SPORT 03/15765 - . S " . SAMPLE OUTPUT FROM THE SPORT ‘PROGRAM

REACTIVITY PROGRAM

BG P L I PRE S
ER C I N WIN C
v , - La 57 A
INFORMATION ON THE REACTIVITY TITLE CARD 1S PRINTED HERE : AUC T PPP L
A o ' YP ONELLL E
LAMBDA / BETA BAR INITIAL AVERAGE RECIPR. PERIOD PS N G N TTT S INITIAL ENERGY SOURCE
CONTROL CARD WAS- 0.00300000 104.00000000 6000121 00 -0. -0.
A LAMBDA'S
0.012700000 " ' 0.031700000 . 0.116000000 0.311000001 1.400000006 ' =.870000005
Fes
0.407000002 0.128000000 C. 626000000

70.038000000  0.213000000  0.187999999

iy -

{
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SPORT 03/15/65 SAMPLE OUTPUT FROM THE SPORT PROGRAM PAGE 19

REACTIVITY PROGRAM OUTPUT LISTING FOR CHANNEL .0

RECORD_NO. TIME . POWER REACTIVITY COMP. REACT. ENERGY. B(T)

24031151 0.217300 0.6067 1.3078745 ‘0. 0.005834 0.
24031151 = 0,218300 @@= 0Q.7118 == 1.3071824 @ -0.0006921 = 0.006510  -0.106304343
24031151 0.219300 ) 0.8098 1.3086649 0.0007904 0.007280 0.108572101
24031151 0.220300 0.9127 1.3091228 0.0012483 0.008146 0.153233303
24031151 0.221300 1.0241 1.3087236 0.0008491 0.009119 0,093118912
24031151 0.222300 1.1236 1.3044104 ~0.0034641 0.010186 -0.340075195
24031151 0.223300° 1.2516 1.3046512 -0.0032234 0.011376 -0.283356536
24031151 0.224300 1.3697 1.2994919 ~0.0083826 0.012678 —0.661168493
24031151 0.225300 1.5106 1.2984872 -0.0093873 0.014116 -0.665033519
24031151 0.226300 1.6733 1.3001074 -0.0077672 0.015707 —0.494505748
24031151 0.227300 1.8725 1.3068947 ~0.0009798 0.017486 —=0.056035528
24031151 0.228300 2.0679 1.3052120 -0.0026625 0.019450 ~0.136886811
24031151 0.229300 2.2896 1.3048679 -0.0030066 0.021626 -0.139027270
24031151 0230300 2.5333 1.3043095 ~0.0035650 0.024034 =0.148332996
24031151 0.231300 2.8006 1.3035385 -0.0043361 0.026696 -0.162425866
24031151 0.232300 3.0998 1.3036218 -0.0042527 0.029642 ~0.143469768
24031151 0.233300 3.4307 1.3037254 -0.0041491 0.032903 -0.126100987
24031151 0.234300 3.8014 1.3042823 -0.0035922 0.036516 -0.098373856
24031151 0.235300 4.2140 1.3049667 -0.0029078 0.040521 ~0.071761592
24031151 0.236300 4o 6114 1.3058175 =0.0020570 0.044965 =0.046457473175
24031151 0.237300 5.1962 1.3067300 -0.0011445 0.049901 -0.022934882
24031151 0.238300 5.7676 1.3074216 -0.0004529 0.055380 -0.008177867
24031151 0.239300 ba%04]1 1.308203%5 0.0003290 0.061462 0.005353150
24031151 0.240300 T.1144 1.3090468 0.0011723 0.068218 0.017184582
24031151 0.241300 T.8985 1.3094488 0.0015743 0.075718 0.020791612
24031151 0.242300 : B.7668 1.3100271 0.0021526 0.084042 0.025613395
24031151 0.243300 9.7269 1.3104514 0.0025769 0.093277 0.027626310
24031151 0.244300 10.7911 1.3108792 0.0030047 0.103522 0.029024948
24031151 0.245300 11.9715 1.3112463 0,0033718 0.1148817 0,029348587
24031151 0.246300 . 13.2798 1.3115610 0.0036865 0.127493 0.028915305
24031151 0.247300 14.7461 1.3123405 0.0044660 0.141490 0.031564058
24031151 0.248300 16.3971 1.3133190 0.0054445 00157051 0.034666803
24031151 0.249300 . 18,2464 1.3142251 0.0063506 0.174365 0.036421101
24031151 0.250300 20.3078 1.3147410 0.0068665 0.193633 0.035461315
24031151 0.251300 22.6122 1.3150213 0.0071468 0.215086 0.033227668
24031151 0.252300 25.1821 1.3151084 0.0072338 0.238976 0.030270142
24031151 0.253300 28.0484 1.3149998 0.0071252 0.265585 0.026828478

24031151 00 0.254300 @00 31.2454 = '1.3146234 == 0.0067489 = 0.,295229 = 0.022859966 0000000000000

24031151 0.255300 34.8024 1.3138220 0.0059475 0.328250 0.018118859
24031151 0.256300 38.7586 1.3126440 0.0047695 0.365031 0.013066015
24031151 0.257300 43,1288 1.3108804% 0.0030059 0.405971 0.007404138
24031151 0.258300 47.9356 1.3086894 0.0008149 0.451488 0.001804854
24031151 0.259300 53,2481 1.3063294 -0.0015451 0.502069 -0.003077530
24031151 0.260300 59.1011 1.3035228 =-0.0043518 0.,558233 -0.007795628
24031151 0.261300 65.4979 1.3004819 -0.0073926 0.620507 -0.011913825
24031151 0.262300 72.4660 1.2973678 -0.0105068 0.689441 -0.015239540
24031151 0.263300 80.0752 1.2944105 =0.0134640 0.765650Q ~0.017585065
24031151 0.264300 88.3899 1.2913908 ~0.0164837 0.849813 ~0.019396873
24031151 0.265300 97.4319 1.2885984 -0.0192762 0.942630 ~0.020449343

. 24031191 2= 0.266300 === 107.2775 == 1.2859261 @ -0.0219485 == 1.044871 = -0,02100%922 =~ - =~ = = 0000000



SPORT 03/15/65 ) . SAMPLE OUTPUT FROM THE SPORT PROGRAM PAGE 32

REACTIVITY PROGRAM OUTPUT LISTING FOR CHANNEL 0 v .
RECORD NO. TIME ) POWER REACTIVITY COMP. REACT. ENERGY B8T)

24031151 . 0.867300 138.0873 0.8067284 -0.5011461 91.7807213 ~G.005460254
24031151 0.868300 138.1828 0,8069343 ~0.5009403 91.918892 ~0.005449807
24031151 0.8693090 138.3477 0.80759%62 ~0.5002783 92.057210 —0.005434429
24031151 0.870300 138.3730 0.8073696 =0.5005049 92.195555 ~0.005428731 .
240311951 _0.871300 138.4623 0.8075639 ~0.5003106 92.333982 ~0.005418488
' 24031151 0.872300 138.4226 0.8068203 ~0.5010543 92.472382 -0 005418421
24031151 0.873300 138.4395 0.8065032 -0.5013713 92.610801 -0.005413746
24031151 _0.874300 138.5246 0.8067039 ~-0.5011706 92.749298 ~0. 005403498
24031151 0.875300 138.5774 0.8065280 ~0.5013465 92.887849 ~0.005397331
24031151 0.876300 138.6285 0.8063499 =0.5015246 '93.026451 —0. 005391204
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CALCULATIONS REQUIRED 0 MIN 34,9 SEC AND PLOT(S) REQUIRED O MIN 44.3 SEC
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Fig. 16 Plot of reactivity as prepared by the REACTIVITY program,
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5. FREQUENCY RESPONSE PROGRAM OUTPUT

The values on the FREQUENCY RESPONSE CONTROL Card are listed on

the first page in the FREQUENCY RESPONSE program output in the same -
order in which they were entered (page 71). The OMEGA cards are listed next.
Page 72 is8 an example of the FREQUENCY RESPONSE output listing. The
identification ,oumber, frequency, and the real part, imaginary part, phase in
degrees, and ' decibel magnitude of the FREQUENCY RESPONSE output may
be punched on cards in the format:

-42.00

J

446400

{50-00

i—Sl.DO

-58,00

MAGN: TUDE- (DECIBELS)

-62.00

-66.00

03/15/65
-70,00

(110, F1k.4, 2E1L4.7, F14.8, F1k.7) .

Figures 18 and 19 are examples of FREQUENCY RESPONSE output plots,

INFORMATION ON THE FREQUENCY RESPONSE TITLE CRRD IS PRINTED HERE

]
T Flrllll T 1T T TTTTTTT T T TTTI7IT FTTTT .
1.0-04 1,008 ' ' T 00d 1.0-01 M.0000 Mhoerd T 77T h2

24031161 RRDIAN FREQUENCY

Fig. 18 Plot of the magnitude of the transformation calculated (and plotted) by FREQUENCY
RESPONSE,
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SPORT 03/15/65 SAMPLE OUTPUT FROM THE SPORT PROGRAH PAGE 33

FREQUENCY RESPONSE PROGRAM

— INFORMATION ON THE FREQUENCY RESPONSE TITLE CaRD IS PRINTED HERE

CONTROL GARD WAS- 32 311 2 0 0 ALPHA = =-0.

RADIAN FREQUENCIES

0 ) 0 .
0.7000000 1.0000000 2.0000000 3.0000000 4.0000000 5.0000000 6.0000000 - - ©.7.0000000
0.0000000 25.0000000

8.0000000 9.0000000 10.0000000 13.0000000 15.0000000 17.0000000 2
f 3 . B O D2 0000000
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SPORT 03/15/65

SAMPLE OUTPUT FROM THE SPORT PRIGRAM

RECORD NO 24031151 CHANNEL 0 NUMERATOR WAS WORD 3, DENOMINATOR WAS WIORD 1
FREQUENCY LOG W REAL G(IW} IMAG. G(IW) MAG. G PHASE ANGLE 20 LOG{MAG. G}

0.0001 -4.000 -3.6177646E-03 1.T7699922£-08 3.61T7646E-03 -180.000276847 ~48.8311939
0.0010 -3.000 -3.6177646E-03 1.7699933€E~-07 3.6177646E~03 -180.00279999 ~48.8311939
0.0050 -2.301 -3.6177632E-03 8.8499522E-07 3.6177633E-03 -180.01401520 -48.8311973
0.0100 -2.000 -3.6177646E-03 1.7699877E-06 3.6177650E-03 -180.028030490 -48.8311934
0.0500 ~1.301 —3.6178045€-03 8.8504316E-06 3.6178153€E-03 -180.14016342 ~48.8310728
0.1000 -1.000 -3.6179305€E-03 1.7704835€E-05 3.6179739€-03 -180.28038025 -48.8306913
0.3000 -0.523 -3.6192648E-03 5.3233030E-05 3.6196562E-03 =-180.84265709 -48.8266540
0.5000 -0.301 ~3.6219167E-03 8,9117620E-05 3.6230129E-03 -181.40948105 ~48.8186026
0.7000 -0.155 -3.6258499E-03 1.2559846E-04 3.6280246E+03 ~-181.98391342 ~48.8065958
1.0000 0. -3.6340241E-03 1.8197164E-04 3.6385773€E~-03 -182.86665726 -48.7813687
2.0000 0.301 -3.6763129E-03 3.9439289E-04 3.6974075E-03 ~186.12323952 ~48.6420541
3.0000 0.477 ~3.7190838E-03 6.6696938E-04 3.T784167E~03 ~190.16717339 ~-48.4538035
4.0000 0.602 -3.7088761E-03 1.0101001E-03 '3.8439646E-03 -195.23481750 -48.3044124
50000 0,699 ~-3,5873769€-03 1.3802759€-03 3.8437527E-03 -201.04468346 ~48.3048921
6.0000 0.778 ~3.3558752E-03 1.6932368E-03 3.7588494E-03 -206.77363396 -48.4989014
7.0000 0.845 -3.0813802€-03 1.9052667€E-03 3.6228365E-03 =211.72916222 -48.8190260
8.0000 0.903 ~2.8223450E-03 2-.0375660E-03 3.4809921E-03 -215.82705116 ~49.1659393
9.0000 0.954 -2.5951356E-03 2.1281088E-03 3.3561251€E-03 -219.35303879 -49.4832377
10.0000 1.000 ~2.3926430E~-03 2.2009502€E-03 3.2509879E-03 . —222.61040306 ~49.7596936
_13.0000 1.114 =-1.8359321E-03 2.3668752E-03 2.9954540E-03 -232.20006371 ~50.4707470
15.0000 1.176 -1.4750904E-03 2.4130323€E-03 2.8281825€E-03 ~238.56248474 -50.9698515
17.0000 1.230 -1.1420761€-03 2.3988066E-03 2.6568046E-03 —244.564079437 -51.5128078
20.0000 1.301 =71.1790998E-04% 2.3099813E-03 2.4189684E-03 =252.73547935 =52.3273969
25.0000 1.398 ~1.5856793E-04 2.0515625E-03 2.0576813€E-03 -265.58031845 -53.7324386
30.0000 l.477 1.8235952€-04 1.7148876E-03 1.7245563€-03 -276.06996536 ~55.2664523
35.0000 1.544 3.7551903E-04 1.4235724€-03 1.4722679E-03 =284.77723694 ~56.6402636
40.0000 1.602 4.8770136E-04 1.1720293E-03 1.2694508E-03 -292.59302521 =57.9276829
50.0000 1.699 6.0532038E-04 T.4749436E-04 9.6185267€-04 -309.00052643 -60.3378296
60,0000 1.778 5.4954005E-04 4.5451175E-04 7.1314458€E-04 ~320.40664291 =62.9364491
70.0000 1.845 4.5704383E-04 2.5425516E-04 5.2300548E-04 =330.91265106 ~65.6298752
80.0000 1.903 3.9681780E-04 1.6368226E-04 4.2925079€-04 —=337.58447647 -6T7.3457785

90. 0000 1,954 3.2480752E-04 3.8100442E-05 3.2703450€~-04 -353,30968475

CALCULATIDONS REQUIRED

1 MIN 4.1 SEC

AND PLOT(S) REQUIRED O MIN 22.4 SEC

~69.7081289

TOTAL PROBLEM TIME WAS

4 MIN 60.0 SEC
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V, SAMPLE PROBLEMS

This seotlon is presented in two parts: (a) an example of one of the most
typical SPORT processing applications and (b) sample sets of control.cards
that might be used for other common processing schemes. -

1. TYPICAL PROBLEM

On the following pages, the input control cards and the resulting output for
a typical SPORT problem are listed. In this problem, SPORT assembles a
composite power channel from three “saturating” channels and one “peaking”
channel of Spert I power data recorded during the destructive test in October,
1962, The composite power is plotted and then smoothed three times in pre-
paration for the REACTIVITY program calculations which complete the problem.
Plots of coefficients C and B inthe SMOOTH program output and of the reactivity
in the REACTIVITY program output are generated. The output listings from the
SMOOTH and REACTIVITY programs are suppressed for the sake of brevity.
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INPUT CONTROL CARDS SPERT I DESTRUCTIVE TEST PAGE 1

000000000 1 p
12345678901234567890123456789012345678901234567890123456789012345678501234567890
205 -60101 SPERT I DESTRUCYIVE TEST 10/26762

0040541104 0.098000 0.103220 1.170550 0932
0040541103 0.109250

00405411Q2 0.116000

0040541101 0.131300

0040541102 0.136250

0040541103 0.138880 1.059840

0040541000 0.000030

SPERT I DESTRUCTIVE TEST 10/26/62

63330003

SPERT T DESTRUCTIVE TEST 10726762

0.008160 312.5 0603002000
0.0127 0.0317 0.116 0.311 1.40 3.87 *LAMBDA* CARD
0.038 0.213 0.188 0.407 0.128 0.026 YF¥ CARD
«STOP
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SPORT 03/15/65

SYSTEM FOF PROCESSING REACTOR TRANSIENT DAfA

PART CARD WAS 205 -60101

REEL NUMBER 932

SPERT 1 DESTRUCTIVE TEST

OCTOBER 26,

1962

DATA SHIFT

CHANNEL ~ FILE NO MINIMUM MAXIMJM NORMALIZING COEFFICIENTS TIME SHIFT

1D _NO (IF ANY) TIME TIME TIME DATA .

40541104 - =0 0.098000 0.103220 1.000000 lo170§5005 co =0 ~0.
40541103 -0 0.103220 0.209250 1.000000 1.0000000E CO -0. =0.
40541102 =0 0.109250 0.116000 1.000000 1.00000COE CO ~0. ~0.
40541101 -0 0.116000 0.231300 1.000000 1.0000000€ a0 -0. -0.
40541102 -0 0..131300 0.136250 1.000000 1.0000000E GO -0. =0.
40541103 -0 0.136250 ° 0.138880 1.000000 1.0598400€ @O -0. ~0.
DATA TAPE MOUNTING TIME - 0 MIN 2.3 SEC A
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Fig. 20 Sample plot of power data as prepared in the data preparation phase of SPORT.
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$PORT 03715765

SPERT I DESTRUCTIVE TEST OCTOBER 26, 1962

DATA PREPARATION REQUIRED

0 MIN 39.1 SEC AND DATA >LOT REQUIRED O MIN 14.0 SEC
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SPORT 03/15/65

.SPERT'I DESTRUCTIVE TEST  OCTOBER 26, 1962

QUADRATIC SMOOTHING PROGRAM - N L SDRTD
U1 PDCRERS
SPERT I DESTRUCTIVE TEST OCTOBER 26, 1962 M S LAAD C AM
) . . : B8 T OTL E Y NN
-PASS NUMBER 1 ID NO DELTA T T MINIMUMN T AAXIMUM T START CAL 157 OQUTPUT T R G TAE R L ST
SMOOTH CONTROL CARD WAS- 40541000 0.000030 -0. -0. -0. -0. 63 3 300 0 3-00
CONTROL WORDS RESET - 0.098960 0.098960
CALCULATIONS REQUIRED 0 MIN 54.5 SEC
BEGIN PASS 2
CONTROL WORDS RESET - 0.098960 0.098960
CALCULATIONS REQUIRED 1 MIN 4.1 SEC
BEGIN PASS 3
; ESET bt 0.098960 0.098960

CALCULATIONS REQUIRED 1 MIN 4.7 SEC AND PLOT REQUIRED

0 MIN 34.4 SEC
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Fig. 22 Sample plot of calculated reactivity as prepared.by the REACTIVITY program,
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SPBRY 03/15/65 ) SPERT I DESTRUCTIVE TEST OCTOBER 26, 1962

REACTIVITY PROGRAM DG P L I PRE S
: ERC I NWINC

: LO S T A

SPERT I DESTRUCTIVE TEST OCTOBER 26, 1962 AUC T PPP L

YP ON E LLL E

LAMBDA 7/ BETA BAR  INITIAL AVERAGE RECIPR. PERIOD PS N G N VYT S _INITIAL ENERGY_ SOURCE

CONTROL CARD WAS- 0.00816000 312.50000000 603002000 ~-0. -0.
LAMBDA'S
_ 0.012700000  0.031700000 0.11600000C - 0.311000001  1.400000006 3.870000605
' Fis

0.038000000 0.213000000 0.187999999 0.407000002 0.128000000 0.026000000
CALCULATIONS REQUIRED 0 MIN 28.9 SFC AND PLOT(S) REQUIRFD O MIN 19.1 SFEC

TOTAL PROBLEM TIME WAS ‘ 5 MIN 19.4 SEC




2. SAMPLE SETS OF CONTROL CARDS FOR
COMMON APPLICATIONS

On the following pages, a number of sets of SPORT control cards are
listed. A brief description of the significance of each set is included below.

Example 1. Example 1 illustrates the SPORT control cards necessary to
prepare and plot a section of Type 5 data from data Channel 0240602108 stored
on Computing Center Reel Number 596.

Example 2. Example 2 illustrates the SPORT control cards necessary to
prepare and plot a section of Type 1 data from Channel 6 in the deck of Spert
1 through 3 data cards included in the input card deck.

Exaumple 3. Example 3 illustrates the SPORT control cards necessary to
prepare, plot, and repunch a compogite power channel from 7 sectinng of
Channels 3, 5, and 6 in the deck of Spert 1-3 data cards included in the control
card sequence,

Example 4. Example 4 illustrates the SPORT control cards necessary to
prepare and plot all the data from Channel 1 in the deck of 650 floating~point
data cards included in the control card sequence and to process the prepared
data with the SMOOTH, REACTIVITY, and FREQUENCY RESPONSE programs.

Example 5. Example 5 illustrates the SPORT control cards necessary to
prepare and smooth two channels of data stored on the same reel of magnetic
tape with the primary purpose of obtaining decks of smoothed even time in-
crement card data for use in another program. Since the Computing Center
Reel Nimber is not specitied in this case, the machine operator must be told
where to locate the data.

Example 6. Example 6 illustrates the SPORT control cards necessary to
prepare and smooth Channels 3, 5, and 6 in the deck of Spert 1-3 data cards
included in the control card sequence,

Example 7. Example 7 illustrates the SPORT control cards necessary to
prepare and smooth 3 channels of Type 5 data stored on Computing Center
Reel Number 910 with the primary purpose of obtaining plots which can be used
to estimate where the three data channels could best be joined together to form
a single composite data channel.

Example 8. Example 8 illustrates the SPORT control cards necessary to
assemble sections of data from two channels stored on Computing Center
Reel Number 166 into a single composite channel while suppressing all data
in a “bad” section near the center of the two channels.

Example 9. Example 9 illustrates the SPORT control cards necessary to

process a channel of data in a deck of Type 4 data cards (included in the control
card sequence) directly with the FREQUENCY RESPONSE PROGRAM.

82



Example 10. Example 10 illustrates the SPORT control cards necessary to
process a channel of Type 5 reactor noise data directly with the FREQUENCY
RESPONSLE program. The composite data channel assembled by SPORT has
the last data value set equal to zero.

Example 11. Example 11 illustrates the SPORT control cards necessary to
prepare and smooth two channels of Type 5 data stored on Computing Center
Reel 113 and then process the two smoothedchannels with the FREQUENCY
RESPONSE program. Notice that two separate problems are used.

83

£ -

Tt v, W

£ &),



SAMPLE SETS OF CONTROL CARDS FOR COMMON APPLICATIONS PAGE 1

O00000000ITTIITIT112222222222333333333344444444445555555555666666666617TTTTTTTTTE
12345678901234567890123456789012345678901234567890123456789012345678901234567890

005 #1100l  —  EXAWMPLE 1 *SPORT PROCESSING SYSTEN®
0240602108 10.0 596
*STOP A
001 +11101 EXAMPLE 2 #SPORT PROCESSING SYSTEM=
6 0.0 1.000 0-0001 10.0

CORTECARSRAARRRER R AR iannnnaneans DATA CARD DECK #vessscnsunesssnasessanssanaanse
{BLANK END-OF-DATA CARD)

*STOP
-T2 - PROCESSING SYSTEMe

3 0.255 0.0001 0.1

5 0.280 0.0001

3 0313 0.0001 10.0

5 0.333 0.0001

3 0.399 0.0001 0.1

5 1.023 0.0001

3 0.0001 0.1

Sasssnsenssanssnransnnasnnnsnans DATA CARD DECK S nsuasasasissnunictnscsinenesnsnss

(BLANK END-OF-DATA CARDY

«ST0OP
212 +11001 EXAMPLE 4 wSPORT PRUOULLEDSING SYSTEMe
1
Snannsnnnensennnnniesnnonnnniess DATA CARD DECK o ssnanSnuswa NN NN InNanineswnnae
{BLANK ENO-OF-DATA CARD}
SMOOTH TITLE CARD ®#SPORT PROCESSING SYSTEMs»
0024035661 0.002 0.275 0.303 21 3
REACTIVITY TITLE CAND *SPORT PRULESSING SYSTEMs
0-.003 92.6 6 11
0.0127 0.0317 0.116 0.311 1.40 3.87 *CAMBDAY CARD
0.038 0.213 0.188 0.407 0.128 0.026 *F* CARD
FREQUENCY RESPONSE TITLE CARD #SPORT PROCESSING SYSTEMs
008311
0.0001 0.001 0.005 0.01 0.05 0.10 0.3 0.5
«STOP
105 +21000 EXAMPLE 5 #SPORT PROCESSING SYSTEMa
240602209
240602210
SMOOTH TITLE CARD #SPORT PROCESSING SYSTEMs#
240602209 0.0085 6.102 6.102 251
SMOOTH TITLE CARD #SPORT PROCESSING SYSTEMe
240602210 0.0085 6.102 6.102 251
«STOP T
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SAMPLE SETS OF CONTROL CARDS FOR COMMON APPLICATIONS PAGE 2

00000000011 11L1111122222222223333333333444444444455555555556666666666777T7TTTTT1718
12345678901234567890123456789012345678901234567890123456789012345678901234567890

101 +31101 EXAMPLE 6 *SPORT PROCESSING SYSTEM»
3 0.0001 0.1
5 0.0001
6 0500071 10.0

sensnunsnnssssnsnssssnnnnanvaned DATA CARD DECK #4282 00 s0snassiiisstsessnissnness

(BLANK END-OF-DATA CARD)

SMOQOTH TITLE CARD *SPORT PROCESSING SYSTEMw
0024031151 0.001 21 3 2
SMOOTH TITLE CARD #SPORT PROCESSING SYSTEM»
0024031151 0.001 . 21 3 2
SMOOTH TITLE CARD #SPORT PROCESSING SYSTEM#»
0024031151 0.001 21 3 2
=*ST0OP
105 +31101 EXAMPLE 7 #*SPORT PROCESSING SYSTEM=
0210542106 0.0 2.00 0.852 910
0210542107 0.0 2.00
0210542108 0.0 2.0000 j
SMOOTH TITLE CARD *SPORT PROCESSING SYSTEMs»
0210542106 0.001 . 25 31 3
0.500 2.000 =-2.0 +3.0 -5.0 15.0 1510
SMOOTH TITLE -CARD #SPORT PROCESSING SYSTEMs
0210542107  0.001 25 31 3
0.500 2.000 -2.0 +3.0 -5.0 15.0 1510
SMOOTH TITLE CARD #SPORT PROCESSING SYSTEM»
0210542108 0.001 25 313 : -
0.500 2.000 -2.0 +3.0 -5.0 15.0 1510
=STQOP
205 -31101 EXAMPLE 8 #SPORT PROCESSING SYSTEM#»
0240602106 6.99025 0.88540683 166
0240602107 7.16535 1.11291271 100000.0
0240602108
SMOOTH TITLE CARD #SPORT PROCESSING SYSTEM»
0240602678 0.0085 25 312
640 9.0 -1.0 +2.0 ~3.0 +7.0 1510
REACTIVITY TITLE CARD eSPORT PROCESSING SYSTEMe
0.064 0.0 15 o101
6.0 9.0 0.3 1.3 1510
0.0127 0.0317 0.115 0.311 l.4 3.87 0.277 0.0169
0.00481 0.0015 0.000428 0.000117 .0000437 .00000363 .000000624
0.0329 0.185 0.163 0.353 0.110 0.0223 0.0865 0.027

0.00932 0.00447 0.00275 0.00312 0.000433 0.000139 .000068

«STOP

85



SAMPLE SETS OF CONTROL CARDS FOR COMMON APPLICATIONS PAGE 3

000000000111 I1111T12222222222333333333344444444445555555555666666666877TTTT7TTTTE
12345678901234567890123456789012345678901234567890123456789012345678901234567890

514 1 EXAMPLE 9 s5PORT PROCESSING SYSTENM=
3333333333 0.005
4 (110,.5€14.8)

snannnassnennnnrnssnssassnsnannnns DATA CARD DECK # oo s e s n nnn o st nnsnsunnitacanaany

(BLANK END-CF-DATA CARD)

FREQUENCY RESPONSE TITLE CARD #«SPORT PROCESSING SYSTEM#
811121 12,0
0.01 0.012 0,014 " 0.016 0.018 0.02 0.023 0.026
0.03 0.035 0.0% 0.09 O.U6 VeU/ 0.08 0.0%9
0.1 0.12 Ol 0s10 0.18 Ue2 U.237 7 U.26
0.30 0.35 0.4 0.5 0.6 0.7 0.8 0.9
1.0 l.2 le4 1.6 1.8 2.0 2.3 2.6
3.0 3.5 4.0 5.0 6.0 7.0 8.0 9.0
10.0 12.0 14.0 16.0 18.0 20.0 23.0 26.0
30.0 35.0 40.0 50.0 60.0 70.0 80.0 90.0
100.0 120,0 140.0 160.0 180.0 200.0 230.0 260.0
300.0 350.0 400.0 500.0 600.0 700.0 800.0 900.0
1000.0
*5TOP
515 -31002 EXAMPLE 10 «SPORT PROCESSING SYSTEM®
0111113025 6.996780 4.0 1l.0+3 -0.40 . 649
0111113025 6.999300 4.0 1.0-29 -0.40
0111113025 . 6.999300 4.0 1.0+#43 -0.40
FREQUENCY RESPONSE TITLE CARD sSPORT PROCESSTING SYSTFEM#
013102101 : .
4.00 5.00 6.30 8.00 10.0 12.5 16.0 20.0
25.0 31.5 40.0 50.0 63.0
»5TOP
105 +11001 EXAMPLE 11-A #SPORT PROCESSING SYSTEMs
150063206 113 !
SMOUTH TITLE CARD #SPORT PROCESSING SYSTEMe
0150063206.0009 6.0891 T.2564 6.3231 81 31
*«CONTINUE
315 +11001 EXAMPLE 11-B #SPORT PROCESSING SYSTEM#
150063207 113
SMOOTH TITCE CARD #*SPORT PROCESSING SYSTEM®
0150063207.0009 6.0891 7.2564 6.3231 81 3
FREQUENCY RESPONSE TITLE CARD #SPORT PROCESSING SYSTEMs
481142
0.0001 0.001 0.01 D.1 0.2 0.3 0.4 0.5
0.6 0.7 0.8 0.9 1.0 1.5 2.0 3.0
4.0 5.0 5.5 6.0 7.0 8.0 9.0 10.0
12.0 1540 17.0 20.0 21.0 22.0 23.0 24.0
26.0 27.0 28.0 30.0 32.0 34.0 36.0 38.0
40.0 42.0 44.0 46.0 48,0 50.0 52.0 54.0
*STOP
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Vl. CHECKOUT OF PROGRAMS

1. INTRODUCTION

In addition to functional checkout of SPORT, tests were conducted to
determine if the calculations made by the programs, SMOOTH, REACTIVITY,
and FREQUENCY RESPONSE, were correct within the limits of numerical
evaluation. Three phases of SMOOTH were tested: (a) the effect of smoothing
an increasing exponential function, (b) the effect of smoothing tape data which
contains noise, and (c) the effect of résmoothing data. To determine the accuracy
of the calculations made by REACTIVITY, two tests were run: (a) reactivity
was calculated from power data represented by exp (xt), and (2) reactivity
was calculated from power data recorded during a transicnt in which the reac-
tivity was known as a function of time, The accuracy of the FREQUENCY
RESPONSE program is discussed in some detail in Section II.

2. CHECKOUT OF SMOOTH

The simplest demonstration of SMOOTH is that of using as input data
the function, exp (xt). If this is done and if the natural logarithm of the input
data is taken, the output from SMOOTH should be a straight line with slope 0.
The results of such a test are shownon pages 88 through 91 where the first two
and the last pages of output are given. These answers are considered to be
quite adequate.

Once it has been demonstrated that the SMOOTH calculations are adequate
for fictitious data, one must determine the effect of smoothing data which
contains noise of relatively small magnitude. The results of such a test are
presented in Figure 23, The dotted circles indicate recorded data points while
the continuous curve represents output from SMOOTH.

The third test which was applied to the SMOOTH program was to determine
the effectiveness of the program in removing sinusoidal noise oscillations
superimposed on a function. The program was tested by generating data which
contained 60-cycle noise and smoothing this data. Figures 24 through 28
demonstrate the effect of multiple smoothing both on data values and slope
values.
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SPORT 03/15/65 TEST PROBLEM TO CHECK THE ACCURACY OF SMOOTH AND FEACTIVITY

QUADRATIC SMOOTHING PROGRAM NL SORTD

Ul POC R E RS

TEST_PROBLEM TO CHECK THE ACCJRACY OF SMOOTH_ AND REACTIVITY e M S LAAD C AM

‘ i B TOTL EY NN

PASS NUMBER 1 1D NO JELTA T T MINIMUM T MAXIMUM T START CAL 1ST OUTPUT T R G TAE R L ST

SMODOTH CONTROL CARD WAS- 888888888 0.000050 -04 -0. -0. -0. 25 0 000 0 0 00
CONTROL WORDS RESET - 0.000600 0.000600 :




SPORT 03/15/65 TEST PROBLEM TO CHECK THE ACCURACY OF SMOOTH AND REACTIVITY

SMOOTH PROGRAM QUTPUT LISTING FOR CHANNEL 888

_1D_NUMBER TIME c 8 A
888888888 0.000600 1.1286122 49.9999943 -0.2500000
886866888 0.000650 1.1311122 49.9999943 -0.1250000
888888888 0.000700 1.1336122 49.9999938 -0.
888888888 0.000750 1.1361122 49.9999962 -0.1250000
888888888 0.000800 1.1386122 49.9999967 -0.1250000
888888688 0.000850 l.1411122 49.9999967 -0.1250000 -
888888888 0.000900 1.1436122 49.9999957 -0.1250000
888668688 0..000950 11461122 49.9999962 -0,
888888888 0.001000 1.14R6122 49.9999967 -0.1250000
888888888 0.001050 .1.1511122 49.9999933 -0.
886888888 0.001100 1.1536121 49,9999938 0.2500000
888888888 0.001150 1.1561122 49.9999948 -0.
888888688 0.001200 1.1586122 49.9999943 -o.
888ABABAB  0.001250  1,1611122 49.9999928 -0.1250000
888888888 0.001300 1.1636122 49.9999933 -o0.
888888888 0.001350 1.1661122 49.9999928 -0.
8688088888 0.001400 1.1686122 49.9999914 -0.
888888888 0.001450 . 1.1711122 49.9999900 0.1250000
868888888 0.001500 1.1736122 49.9999938 -0.1250000
BBRARAEAAS 0..001550 1.1761122 49.9999957 -0.
888888888 0.001600 1.1786122 49.9999943 -0.
888888888 0.001650 1.1811122 49.9999957 -0.5000000
8BBAB8BAA8 0.001700 1.1836122 49.9999924 =0.2500000
888888888 0.001750 1.1861122 49.9999948 -0.2500000
888888888 0.001800 1.1886122 49.9999962 -0.
8RBAARGBARA 0.001850 1.1911122 49.9999990 - =0.1250000
868888888 0.001900 1.1936122 49.9999981 -0.1250000
ABBABABAS 0.001950 1.1961122 49.9999962 -0.1250000
888888888 0..002000 1.1986122 49.9999962 -0,2500000
888888888 0.002050 1.2011122 49.9999990 -0.
888888888 0.002100 1.2036122 49.9999995 -0.2500000
885868888 0.002150 "1.2061122 50.0000005 =0.25Q0000
8888886888 0.002200 1.2086122 50.0000000 -0.
888886888 0.002250 1.2111122 49.9999990 -0.2500000
888888888 0..002300 1.2136122 49.9999990 -0.1250000
8888688888 0.002350 1.2161122 50.0000010 -0.
888888888 0.002400 1.2186122 50.0000024 -0.1250000
888888888 0.002450 1.2211122 50.0000033 -0.2500000
888888888 0.002500 1.2236122 50.0000029 -0.1250000
888888888 0.002550 1.2261122 50.0000038 -0.3750000
BBBRBAARASR 0..002600 1.2266122 50.0000014 -0.1250000
888888888 0.002650 © 1.2311122 50.0000014 -0.1250000
888888888 0.002700 1.2336122 50.0000005 ~0.2500000
BAARAAAEA 0.002750 1.2361122 50.0000014 ~0..2500000
888888888 0.002800 1.2386122 49.9999976 -0.3750000
888868888 0.002850 1.2411122 49.9999938 ~0.1250000
888888888 0..002900 1.2436122 49.9999943 -0.375C000
888888888 0.002950 1.2661122 49.9999943 -0.2500000
888888888 0.003000 1.2486122 49.9999967 -0.2500000
8888ABA8A 0.003050 1.2511122 49,9999971 -0.1250000
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SPORT 03/15/65 TEST PROBLEM TO CHECK THE ACCURACY OF SMOOTH AND REACTIVITY

SMOOTH PRDGRAM QUTPUT LISTING FOR CHANNEL 888

ID_NUMBER TIME c 8 A
888888888 0.003100 1.2536122 49.9999995 -0.1250000
888888888 0.003150 1.2561122 49.9999990 °  -0.1250000
888888888 0.003200 1.2586122 49.9999995 ~0.1250000
888888888 0.003250 1.2611122 49.9999967 -0.
888888888 0.003300 1.2636122 49.9999967 -0.1250000
888888888 0.003350 1.2661122 49.9999943 -0.1250000
888888888 0.003400 1.2686122 49.9999943 -0.2500000
8806008880 0,003450 1.2711122 49+9999914 -0.1250000
888888888 0.003500 1.2736122 49,9999905 -0.
888888888 0.003550 1.2761122 49.9999914 -0.
888888888 0.003600 1.2786121 49.99339138 0.1250000
888888888 0.003650 1.2811122 49.9999967 0.
86806656888 0.003700 1.2836121 49.9999976 -0.
668886888 0-003750 1.2861122 49.9999971 -0.1250000
888888888 0.003800 1.2886122 49.9999971 -0.1250000
8888888886 0.003850 1.2911122 49.9999976 -0.
888888888 0.003900 1.2936121 50.0000014 0.2500000
888886888 0.003950 1.2961121 50.0000033 0.2500000
8868888888 0.004000 1.2986122 50.0000043 -0.1250000
888888888 0.004050 1.3011122 50.0000014 -0.
8888868888 0.004100 - 1.3036121 50.0000005 0.1250000
888888888 0.004150 1.3061123 50.0000010 -0.6250000
888888888 0004200 1.3086122 50.0000038 -0.1250000
888888888 0.004250 1.3111122 50.0000057 ~0.2500000
BB88BBEHE 0.004300 1.3136122 50.0000067 0.1250000
8888668888 0-004350 1.3161122 50.0000091 ~0.2500000
888888888 0.004400 1.3186121 50.0000076 0.2500000
888888888 0.004450 1.3211122 50.0000119 -0.
868888888 0.004500 13236122 50.0000091 -0.1250000
888868888 0.004550 1.3261122 50.0000086 -0.1250000
888888888 0.004600 1.3286122 50.0000057 -0.2500000
8868886888 0004650 1.3311121 50.0000048 -0.
888888888 0.004700 1.3336122 50.0000005 -0.
888888888 0.004750 1.3361121 50.0000010 0.1250000
888888888 0.004800 1.3386122 49.9999971 - -0.
888888888 0.004850 1.3411121 49.9999990 0.1250000
8888688888 0.004900 1.3436122 49.9999962 -0.1250000
888888848 0.004950 1.3461121 49.9999957 0.3750000
888888888 0.005000 1.3486121 49.9999938 0.1250000
888888888 0.005050 1.3511122 49.9999914 -0.2500000
888888888 0-005100 1.3536122 49.9999914 -0.
888888888 0.005150 1.3561122 49.9999928 -0.
8888688888 0.005200 1.3586121 49.9999938 -0.
868888888  __ 0.005250 1.3611121 49.9999938 0.2500000
888888888 0.005300 1.3636121 49.9999957 0.
888888888 0.005350 1.3661122 50.0000000 0.1250000
88086688888 0...005400 1.3686122 49.9999995 -0, .
888888888 0.005450 . 1.3711122 ~ 50.0000010 -0.1250000
8688888888 0.005500 1.3736121 50.0000024 -0.
688688888___ _ 0.005550 ___ __ _1,3761121 50,000001% 0.1250000
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SPORT 03/15/65 TEST PROBLEM TO CHECK THE ACCURACY OF SMOOTH AND REACTIVITY

SMOOTH PROGRAM OUTPUT LISTING FOR CHANNEL 888

10 _NUMBER TIME C 8 A

888688888 0.118100 7.0036117 50.0000110 -2.0000000

8888868888 0.118150 7.0061116 50.00N0067 -0.

888888888 0.118200 7.0086117 49.9999900 -0.

8688888888 0.118250 7.0111115 49.9999843 - -0.

888888888 0.118300 - 7.0136113 49.9999671 -0.

888888888 0.118350 . 7.0161119 49.9999609 -3.0000000

000000000 04110400 70106110 4727937537 1,0000000

888888888 0.118450 7.02131117 ° 49.9999452 -1.0000000

888888888 0.118500 7.0236118 ° 49.9999480 ~2.0000000

888888888 0.118550 . 7.0261116 49.9999385" 1.0000000

8868888888 0.118600 7.0286114 49.9999514 1.0000000

888888888 0.118650 7.0311115 49.9999409 -1.0000000

8888868888 0.118700 7.0336118 49.9999514 -1.0000000

888888888 0.118750 7.0361116 49.9999509 -1.0000000

888g88888 0.118800 7.0386117 49.9999609 -1.0000000

sgep88888 0.118850 7.0411116 49.9999585 -0.

8880888888 0.118900 7.0436118 49.9999681 -1.0000000

888888888 0.118950 7.0461116 49.9999881 ’ -0.

888888888 0.119000 . T.0486116 49.9999967 1.0000000

.068868888 . 0.119050 7.0511116 50.0000157 -0.

888888888 0.119100 7.0536118 50.0000229 -1.0000000 -~
888888888 0.119150 7.0561117 50.0000415 -0. -5
568868888 0.119200 1.0586118 50.0000477 -1.0000000 ]
8gs8e8e88 0.119250 7.0611115 50.0000415 1.0000000 .
888888888 0.119300 7.0636117 50.0000448 -1.0000000 K
888888888 0.119350 7.0661117 50.0000358 -1.0000000
888888888 0.119400 7.0686116 50.0000367 -0. -
_CALCULATIONS REQUIRED 1_MIN 44.8 SEC : .
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3. CHECKOUT OF REACTIVITY

To determine that the calculations made by REACTIVITY were correct,
power data given by the equation

o(t) = (o)t (167)

were generated and processed by REACTIVITY. For the constants used in the
test problem, the reactivity should be given by

$(t) = 1.1415 - 0.002e™2%% . (168)

(Note that the initial reactivity value is calculated from the inhour equation
which ignores the source term.) Listings of the first two pages and the last
page of REACTIVITY outputs are shown on pages 96 through 99, and a
plot of the calculated reactivity is given in Figure 29. These results indicate
that the desired calculations are being made correctly.

An additional test which was applied to REACTIVITY is that of SpertI
Transient 13398. In this particular transient, a reactivity step insertion of
91¢ was applied to the reactor resulting in an initial exponential power rise
with a period of approximately 31.1 msec. Before the reactor power was
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SPORT  03/15/65 TEST PROBLEM TO CHECK THE ACCURACY OF SMOOTH AND REACTIViTy : PAGE 52
REACTIVITY PROGRAM DG P L I PRE §
ER C I N TN C
_ — : — — 10 ST A
TEST PROBLEM TO CHECK THE ACCLRACY OF SMOCTH AND REACTIVITY AUC T 3PP L
o o YP ONE .LL E ran e
LAMBDA_ 7/ BETA BAR INITIAL AVERAGE RECIPR. PERIOD PS N G N FTT S INITIAL ENERGY SOUREE
ZONTROL CARD WAS- 6.003000C0 50.00000000 600 0 500 00 0. 2:00000000
LAMBDAYS
1:400000006 3: 470200005,
_ FIS
0.038000000 0.213200000 0:187999999 0:40700G002 0.128000000 0:026200000
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SPORT 03723765

TEST PROBLEM TO CHECK THE ACCURACY COF SMOOTH AND REACTIVITY

PAGE

5

REACTIVITY PROGRAM QUTPUT LISTING FOR CHANNEL 888

RECORD NQ.

TIME POWER REACTIVITY COMP. REACT. ENERGY B(T)
888888888 0.000600 3.0914 1.1415501 0. 0.061827 0.
BB6ABBAEGS 0.000650 3.0991 1.1396141 ~0.0019360 0.061982 -0.031235399
888888888 0.000700 3.106% 1.1396189 -0.0019312 0.062137 -0.031079710
888888888 0.000750 3.114¢ 1.1396237 ~0.0019264 0.062293 -0.C30924603
8686888888 0.000800 3.1224 1,1396285 -0.001921¢ 0.062449 -0.030770315
e88882888 0.000850 3.1302 1.1396333 -0.0019168 0.062605 ~0.030616844
8888688888 0.000900 3.1381 1.1396381 -0.0019%9120 0.062762 -0.030464184
889888888 0.000950. 3.1459 1.1396429 -0.0019072 0.062919 -0.030312333
888888888 0.001000 3.1538 1.1396477 -0.0019024 0.063076 -0.030161050
888888888 0.001050 3.1617 1.1396524 -0.0018977 0.063234 -0.030010805
8688888868 0.001100 3,1696 1.1396571 ~0.0018930 0.063392 -0.029861122
886888888 0.001150 3.1776 1.1396619 -0.0018882 0.063551 ~0.029711999
g8paeB888 0.001200 3.1855 1.1396666 -0.0018835 0.063710 -0.029563903
B8RBABBAEA 0.001250 3.1935 1.1396713 -0,0018788 0.063870 ~0.029416594
888888888 0.001300 3.2015 1.1396760 -0.00138741 0.064030 ~0.029269837
888888888 0.001350 3.2095 1.1396807 -0.0013695 0.064190 -0.029123862
86868886888 0,001400 3.2115 1.1396853 =G.0018648 0.064350 —-C.028978664
8688868888 0.001450 3.2256 1.1396900 ~0.0013601 0.064512 -0.028834241
868868888 0.001500 3.2337 1.1396946 -0.0018555 0.064673 -0.028690128
6886686868 0.001550 3.2417 11396993 -0.0018508 0.064835 -0.028547015
868888888 0.001600 3.2499 1.1397039 -0.0018462 0.064997 -C.028404667
888888888 0.001650 3.2580 1.1397085 -0.0018416 0.065160 -0.028262851
888888888 0.001700 3.2662 1.1397131 -0.0018370 0.065323 -0.028122251
8888888868 0.001750 3.2743 1.1397177 ~0.0018324 0.065487 -0.027981722
888888888 0.001800 3.2825 1.1397223 -0.0018279 0.065650 ~0.027842173
8668686686888 0.001850 3.2907 1.1397268 ~0.0018233 0.065815 =0.027703147
888888888 0.001900 3.2990 1.1397314 -0.0018187 0.06598C -0.027565093
888888888 0.001950 3.3072 1.1397359 -0.0018142 0.066145 -0.027427556
80886086888 0.002000 3.3155 1.1397405 ~-0.0018097 0.066310 ~0.027290758
886888888 0.002050 3.3238 1.1397450 -0.0018051 0.066476 -0.027154473
888888888 0.002100 3.3321 1.1397495 -0.0018006 0.066643 -0.027019145
866888888 0.002150 3.3405 1.1397540 ~0.0017961 0.066809 -0.026884323
8888688888 0.002200 3.3488 1.1397585 -0.0017916 0.066977 —0.026750229
888888888 0.002250 3.3572 1.1397629 ~0.0017872 0.067144 ~0.026616859
688868888 0.002300 3.3656 1.1397674 -0.0017827 0.067312 ~0.026484210
888888888 0.002350 3.3740 1.1397719 -0.0017782 0.067481 —0.026351836
888888888 0.002400 3.3825 1.1397763 -0.0017738 0.06765C -0.026220398
586068888 0.002450 3.3910 1.1397807 -0.0017694 0.067819 -0.026089673
888808888 0.002500 3.3994 1.1397852 -0.0017650 0.067989 -0.025959436
888868888 0.002550 3.408¢C 1.1397896 -0.0017605 0.068159 -0.025829907
8888688888 0.,002600 3.4165 1.1397939 —0-0017562 0.068330 =0.025701298
868888888 0.002650 3.4250 1.1397983 ~0.0017518 0.068501 -0.025573170
8808688068 0.002700 3.4336 1.1398027 -0.0017474 0.068672 ~0.025445522
88686860488 0.002750 3.4422 1.1398071 -0.0017430 0.068844 -0.025318569
888886888 0.002800 3.4508 1.1398114 -0.0017387 0.069016 -0.025192522
888688888 0.002850 3.4595 1.1398157 -0.0017344 0.069189 -0.025066948
8888ARARA 0.002900 3.4681 1.1398201 -0.0017300 0.069362 -0.024942058
888868888 0.002950 3.4768 1.1398244 -0.0017257 0.06953¢ -0.024817635
688888888 0.003000 3.4855 1.1398287 ~0.0017214 0.06971¢C ~0.024693679
- 868888888 0.003050 3.4942 1.1398330 -0.0017171 0.069885 -0,024570613
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SPORT C3/23/65 TEST PROBLEM TO CHECK THE ACCURACY OF SMOODTH AND REACTIVITY PAGE 6

REACTLVITY PROGRAM QUTPUT LISTING FCR CHANNEL 88&

RECORD NQ. TIME POWER REACTIVITY LOMP. REACT, ENERGY B(T)
888888888 0.003100 3.5030 1.1398373 -0.0017128 0.070059 ~0+024447795
866688688 0.003150 3.5117 11398416 -0.0017085 0.070235 -0.024325861
888888888 0.003200 3.5205 1.1398458 -0.0017043 0.070411 -0.024204596
888888888 0.003250 3.5293 1.1398501 -0.0017000 0.070587 -0.024083995
8866868668 0,003300 3.5382 1.1398543 -0.0016958 0.070764 -0.023963846
888888888 0.003350 3.5470 1.1398586 -0.0016915 0.070941 -0.023844357
888868888 0.003400 3.5559 1.1398628 -0.0016873 0.071118 -0.023725525
86886888888 0.003450_ 3,5648 113986170 -0.0016831 0.071296 =0.023607346
8886888888 0.003500 . 3.5737 1.1398712 -0.0016789 0.071475 -0.023489610
8886888888 0.003550 3.5827 1.1398754 -0.0016747 0.071654 -0.023372315
868880888 0.003600 3.5917 1..1398796 -0,0016705 0.071833 ~0.023255666
888886888 0.003650 3.6006 1.1398838 -0.0016664 0.072013 ~0.023139661
888886888 0.003700 3.6097 1.1398879 -0.0016622 0.072193 -0.023024296

___  BAAARAAAR 0.003750 3.6187 1..1398921 -0.0016580Q 0.072374% —0.0229Q09364%
e8gpgsnses 0.003800 3.6277 1.1398962 -0.0016539 0.072555 ~0.022795067
8888688888 0.003850 3.6368 1.1399003 -0.0016498 0.072737 -0.022681403
8888688888 0.003900 3.6459 11399045 ~0.001645¢& 0.072919 -0.022568165
888888888 0.003950 3.6551 1.1399086 -0.0016415 0.073101 —0.022455554
888888888 0.004000 3.6642 1.1399127 -0.0016374 0.073284 —0.022343365
888888888 0.004050 3.0134 1.1399168 ~0.0016333 0.073468 —0.022232205
8886888888 0.004100 3.6826 1.2399208 -0.0016293 0.073651 -C.022121259
8688888888 0.004150 3.6918 1.1399249 -0.0016252 0.073836 -C.022010929
888888888 0.004200 3.7010 1.1399290 =0.,0016211 0.,074021 -0.021901013
8886888888 0.004250 3.7103 1.1399330 -0.0016171 0.074206 -0.021791709
8888888868 0.004300 3.7196 1.1399371 -0.0016130 0.074392 -0.021683015
ARARBRAAS 0.004350 3.7289 1.1399411 -0.0016090 0.074578 -0,021574127
8888688888 0.004400 3.7382 1.1399451 —0.0016050 0.074765 -0.021467244
6888888868 0.004450 3.7476 1.1399491 -0.0016010 0.074952 -0.021359965
SBRABRBASE 0.004500 3.1510 1.1399531 ~0.0015970 0.075139 =-0.021253483

688886888 0.004550 3.7664 1.1399571 -0.0015930 0.075327 -0.021147599
e88868888 0.004600 3.7758 . 1.1399611 -0.0015890 0.075516 ~0.021042110
6888888888 0.004650 3.7853 1.1399651 -0.0015851 0.075705 ~0.020937213
888880888 0.004700 3.79417 1.1399690 -0.0015811 0.075894 -0.020833102
888888888 0.004750 3.8042 1.1399730 -0.0015772 0.076084 ~-0.020728988
88B88BARR 0.004800 3.81317 1.:399769 -0.0015732 0.076275 -0.020625850
8888808888 0.004850 3.8233 1.:1399808 -0.0015693 0.076466 -0.020522903
8688888888 0.004900 3.8329 1.1399847 ~0.0015654 0.076657 -0.020420731
S8BR8RARAA 0.004950 3.8425 1..399886 -0.0015615 0.,076849 -0,020318747
688888888 0.005000 3.8521 1.2.399925 -0.0015576 0.077041 -0.020217532
8686888888 0.005050 3.8617 1.2.399964 -0.0015537 0.077234 -0.020116888
888888888 0.005100 3.8714 1..400003 —0.0015498 0.077428 ~0.020016429
888888888 0.005150 3.8811 1.:400042 -0.0015460 0.077621 =~0.019916537
888888888 0.005200 3.8908 1.1400080 -0.0015421 0.077816 -0.019817212
ARABBARRBASR 0.005250Q 3.9005 _ 1.%400119 ~-0.0015382 0.,078011 ~0.019718449
688888888 0.005300 3.91C3 1.1400157. -0.0015344 0.078206 ~0.019619865
88868688888 0.005350 3.¢2C01 1.1400196 -0.0015305 0.078402 -0.019521841
8ABBRBARAA 0..00540Q0 3.£299 1.1400234 -0.0015267 0.078598 ~0.019424563
868888888 0.005450 3.$397 1.1400272 -0.0015229 0.078795 -0.019327649
688888888 0.005500 3.6496 1.1400310 ~0.0015191 0.078992 -0.019231098

— . B8BBBABASA 0.005550. 3.5595 1.1400348 -0.0015153 0.079190 -0,019135285
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REACTLVITY PROGRAM QUTPUT LISTING FOR CHANNEL 888

RECORD_NO. TIME POWER REACTIVITY COMP. REACT. ENERGY B(T)
gsagesass 0.118100 1100.6C1¢C l.1415448 -0.0000053 22.011969 ~0.0000002%3
8808888888 0.,118150 1103.3559 l.1415448 -£.0000053 22.067068 -0.0000002%2
888888888 0.118200 1106.1178 1.1415447 -0.0000054 22.122304 -0.0000002%4%
8880888888 0.118250 1108.8863 L.k415447 -0.0000054 22.177679% ~0.0000002%3
88686868888 Q.118300 1111.6618 L.l415447 -0.00C0054 22.233193 -0.0000002%5
8886888888 0.118350 1114.4451 L. 1415447 -0.0000054 22.28884¢ ~C.0000002%4
688888888 0.118400 1117.2346 L. 1415447 -0.0000054 22.344637 -0.0000002%3
RBABABEASR 0.118450 1120.0311 Lel415447 -0.0000055 22.400569 =0.,000000243
888888888 0.118500 1122.8347 L.0415447 -0.00€0054 22.456640 -0.0000002%2
8888860888 0.118550 1125.6451 1.1415447 -€.00C0055 22.512852 -0.000000242
BBRBBEABE 0.118600 1128, 4626 1.1415441 =0.00C0054 22.569205 -0.000000239
888888888 0.118650 1131.2873 1.1415447 -0.00C0054 22.625699 -0.000000240
888868888 0.118700 1134.1194 1.1415447 -0.00€0054 22.682334 -0.000000237
68886888888 0.118750 1136.9580 1.1415441 ~0.00CC054 22,739110 -0.000000236
888888888 0.1188G0 1139.8040 1.1415448 -C.000C053 22.796029 -0.000000233
sgsoge888 0.118850 1142.6571 1.1415448 -0.00CC053 22.853091 ~0.000000233
888888888 0.118900 1145.5175 11415448 =0.0000053 22.910295 ~-(.000000230
888886888 J.118950 1148.3846 1.1415449 ~0.0000052 22.967642 -C.000000Z26
8686888888 0.119000 1151.2593 1.1415450 -0.0000052 23.025133 -0.000000224

—__BBB8BABASSE 0.119050. 115441409 1..1415450 -0.0000051 23.082768 ~0.000000221
888888888 0.119100 1157.0301 1.1415451 -0.00C0051 23.140547 -0.00000Z18
8880888888 0.119150 1159.9262 1.1415451 -0.00C0050 23.198471 -0.000000215

—— ABRB8B8888  0.119200 1162.8297 11415452 =0.00€0049 23.25654C ~0.000000213
8886588888 0.119250 1165.7401 1.1415451 -0.0000050 23.314754 -0.000000213
888888888 0.119300 1168.6584 1.1415452 -C.0000049 23.373114 -0.000000211
888888888 0.119350 1171.5837 121415452 =C.0000049 23.431620 -0.000000c11
868888888 0.119400 1174.5162 1.1415452 -0.00C004S 23.490272 -0.0600000z10

__ CALCULATIONS REQUIRED 2 MIN 1.3 SEC AND FLOT(S) REQUIRED O MIN 29,9 SEC

TOTAL PROBLEM TIME WAS 3 MIN 45.4 SEC

T
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Fig. 29 REACTIVITY calculation on exponential test data.

sufficiently high to induce self-shutdown by the reactor, control rods were
inserted at a constant, known rate. From the calibration of the control rods
and the known rate of insertion, the reactivity of the system was calculated
to decrease at a rate of 17¢/sec. This transient then provides a means of
comparing the REACTIVITY program with a power transient in which the
reactivity of the system is known.

A listing of tho ropults of thc MEACTIVITY progra is given v pages

101 through105 and a plot in Figure 30. The answers obtained from REACTIVITY
are well within experimental accuracy.

100-
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REACTIVITY PROGRAM DG P L I PFE §
. ERC I NWINC
. Lo ST A
SPERT I KNOWN RATE OF INSERTION — 17 CENTS/SECOND AUC T PFP L
YP O N E LLL E
LAMBDA / BETA BAR INITEAL AVERAGE RECIPR. PERIOD PS N G N TIT S [INITEAL ENERGY SOURCE
CONTROL CARD WAS- 0.00287000 , 3.21000001 600 00CO 00 -D. -o.
LAMBDA'S
0012700000 0.031700000 0.116000000 0.311000001 1.400000006 3.8700¢:0005
Fes
0.038000000 0.213000000 0.187999999 0.407000002 0. 128000000 0.0260C0000
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REACTIVITY PROGRAM OUTPUT LISTING FOR CHANNEL 0

RECORD_NO.. TIME POWER REACTIVITY _ COMP, REACT, ENERGY 31T)
20133981 1.425000 0.0016 0.9113902 0. 0.000508 0.
20133981 1.435000 0.0017 0.9120884 0.0006982 0.000524 1.332000017
20133981 1.445000 0.0017 0.9120458 0.0006556 0.000541 1.211124808
20133981 1.455000 0.0018 0.9120050 0.0006149 0.000559 1.099907696
20133981 1.465000 0.,0019 0.9119378 0.0005476 0.000577 0.9248507495
20133981 1.475000 0.0019 0.9118315 0.0004413 0.000596 » 740118459
20133981 1.485000 0.0020 0.9116994 0.0003092 0.000616 0.502131678
20133981 1.495000 0..0020 0.9115547 0.0001646 0.000636 0.258780934
20133981 1.505000 0.0021 0.9113986 0.0000084 0.000657 0.012808031
20133981 1.515000 0.0022 0.9112265 -0.0001637 0.000678 ~0.241290793
20133981 1.525000 0.0023 0.9110244 —0.0003658 0.000700 —0.52226322r
20133981 1.535000 0.0023 0.9107678 -0.0006224 0.000723 -0.860528246
20133981 1.545000 0.0024 0.9104304 -0.0009597 0.000747 -1,285126075
20133981 1.555000. 0.0025 0.9100570 ~0.0013332 0.000771 —1.728978544%
20133981 1.565000 0.0025 0.9096720 -0.0017181 0.000796 —2.158400506
20133981 1.575000 0.0026 0.9093023 -0.0020879 0.000822 —2.540856272
20133981 1.585000 0.0027 0.9089556 ~0.0024345 0.000848 —2.870405883
20133981 1.595000 0.0028 0.9086413 -0.0027488 0.000875 -3.140341789
20133981 1.605000 0.0028 0.9083645 -0.0030257 0.000903 -3,349598467
20133981 1.615000  0.0029 ___ 0.9081085 -0.0032817 0.000932 ~3,520798415
20133981 1.625000 0.0030 0.9078882 ~0.0035020 0.000962 —3.6641344249
20133981 1.635000 0.0031 0.9076954 -0.0036948 0.000992 -3,723750204
20133981 1.645000 0.0032 0.9075082 -0.0038820 0.001024 -3.792393029
20133981 1.655000 0.0033 0.9073154 -0.0040747 0.001056 -3.858794630
20133981 1.665000 0.0034 0.9070989 ~-0.0042912 0.001089 -3,939651012
20133981 1.675000 0.0035 0.9068549 -0.00465353 0.001123 ~4,036154429
20133981 1.685000 0.0036 0.9065882 -0.0048020 0.001159 ~4.144254327
20133981 1.695000 0.0037 0.9063101 -0.0050801 0.001195 -4,251358926
20133981 1.705000 0.0038 0.9060505 -0.0053397 0.001232 -4,3%33565593
20133981 1.715000 0.0039 0.9058262 -0.0055639 0.001270 -4.379535019
20133981 1.725000 0.0040 0.9056611 -0.0057291 0.001310 —4.,374061882
20133981 1.735000 0.0041 0.9055732 -0.0058170 0.001350 ~4,308037519
20133981 1.745000 0.0042 0.9055772 -0.0058130 0.001392 ~4,176290274
20133981 1.755000 0.0044 0.9056886 -0.0057015 0.001435 —3,973870367

—_...20133981 1.765000 0.0045 0.9059135 -0.0054166 0.001479 ~3,303147203

20133981 1.775000 0.0046 0.9062476 -0.0051426 0.001524 -3,373427421
20133981 1.785000 0.0048 0.9066816 -0.0047085 0.001571 ~2.996331662
20133981 1..795000 0.0049 0.9072019 -0.0041882 0.001620 ~2.585353702
20133981 1.805000 0.0051 0.9077855 -0.0036047 0.001670 -2.158228219
20133981 1.815000 0.0053 0.9084038 ~0.0029864 0.001722 -1.734036580
20133981 1.825000 0..0055. 0.9090171 -0,0023730 0.001776 ~-1,336109161
20133981 1.835000 0.0057 0.9095891 -0.0018011 0.001832 -0.983152799
20133981 1.845000 0.0059 0.9100888 -0.0013014 0.001890 -0.688581787
20133981 1.855000 0.0061 0.91046727 -0.00091175 0.001950 —0.470483061
20133981 1.865000 0.0063 0.9107053 -0.0006849 - 0.002012 -0.340326738
20133981 1.875000 0.0066 0.9107555 -0.0006347 0.002077 -0.205574030
20133981 1.885000 0.0068 0.9105917 -0.0007984% 0.002144 =0.32724651719
20133981 1.895000 0.0070 0.9102404 -0.0011497 0.002213 -0.519623816
20133981 1.905000 0.0072 0.9097476 -0.0016425 0.002284 -0.719279155
20133981 1.915000 0.00174 0.90911785 -0,0022116 0.002357 -0.S38471794%
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REACTIVITY PROGRAM OUTPUT LISTING FOR CHANNEL 0

RECORD NO. YIME POWER REACTIVITY COMP. REACT. ENERGY B(T)
20133981 1.925000 0.0076 0.9085974 -0.0027927 0.002432 ~1.148494124
20133981 1.935000 0.0078 0.9080673 -0.0033228 0.002509 -1.324508250
20133981 1.945000 0.0080 0.9076467 -0.0037435 0.002588 -1.446547508
20133981 1.955000 0.0082 0.9073757 ~0.0040144 0.002669 ~1.504020423
2013398] 1-965000 0.0085 0.9072788 ~-0.0041114 0.002753 ~1.493572444%
20133981 1.975000 0.0087 0.9073662 -0.0040240 0.002839 . —-1.417513594
20133981 1.985000 0.0090 0.9076255 -~0.0037647 0.002927 -1.285975203
20133981 1.995000 0.0093 0.9080160 -0.0033742 0.003019 -1.117609099
20133981 2.005000 0.0096 0.9084705 -0.0029196 0.003114 —-0.937616497
20133981 2.015000 0.0100 0.9089093 -0.0024808 0.003212 ~0.772375993
20133981 2.025000 0.0103 0.9092494 -0.0021408 0.003313 ~0,646072343
20133981 2.035000 0.0107 0.9094453 ~0.0019449 0.003419 -0.568922870
20133981 2.045000 0.0110 0.9094858 -0.0019043 0.003527 -0.539889194
20132981 22055000 Q0.0114% 0.9093678 -0.002Q224 0.003639 ~-0.555678844
20133981 2.065000 0.0118 0.9090963 -0.0022938 0.003755 -0.610830560
20133981 2.075000 0.0121 0.9086985 -0.0026917 0.003875 -0.694714770
20133981 2.085000 0.0125 0.9082162 -0.0031739 0.003997 -0.794028431
20133981 2.095000 0.0128 0.9077047 -0.0036855 0.004123 -0.893798128
20133981 2.105000 0.0131 0.9072185 -0.0041717 0.004253 -0.980903886
20133981 2.115000 0.0135 0.9068150 =0.0045752 0.004386 ~1.043142512
20133981 2.125000 0.0139 0.9065387 -0.0048514 0.004523 -1.072695673
20133981 2.135000 0.0143 0.9064149 -0.0049753 0.004663 -1.066927701
20133981 2145000 0.0147 0.9064450 ~0.0049452 0.004808 -1.028586105
20133981 2.155000 0.0151 0.9066162 -0.0047740 0.004957 ~0.963147841
20133981 2.165000 0.0156 0.9068984 -0.0044918 0.005110 -0.878974244
20133981 22175000 0.0161 0.9072613 -0.0041289 0.005269 -0.783663295
20133981 2.185000 0.0166 0.9076886 ~0.0037015 0.005432 -0.681374937
20133981 2.195000 0.0172 0.9081515 -0.0032386 0.005602 -0.578148715
20133981 2.205000 0.0178 0.9086187 -0.0027715 0.005777 -0.479757167
20133981 2.215000 0.0184 0.9090605 -0.0023297 0.005958 -0.391016286
20133981 2.225000 0.0191 0.9094571 ~0.0019330 0.006146 ~0.314534768
20133981 2.235000 0,0198 0.9097954 =0.0015948 0.006340. ~0.251 546964
20133981 2.245000 0.0204 0.9100598 -0.0013304 0.006541 -0.203396156
20133981 2.255000 0.0212 0.9102474 -0.0011427 0.006749 -0.169318682
20133981 2.265000 0.0219 0.9103607 -0.0010295 0.006964 -0.147824226
20133981 2.275000 0.0226 0.9104066 -0.0009836 0.007187 -0.136862850
20133981 2.285000 0.0234 0.9103844 -0.0010058 0.007417 -0.135612121
20133981 2.295000 0.0241 0.9103016 -0.0010886 .0.007654 ~0.142223516
20133981 2.305000 0.0249 0.9101722 -0.0012180 0.007899 -0.154191429
20133981 2:315000 0.0257 0.9100216 -0.0013686 0.008152 -0.167888502
20133981 2.325000 0.0265 0.9098741 -0.0015160 0.008412 -0.180213528
20133981 2.335000 0.0273 0.9097532 -0.0016370 0.008681 -0.188567240
20133981 2.345000 0.0281 0.9096639 -0.0017262 0.008958 -0.192700526
20133981 2.355000 0.0290 0.9095924 =-0.0017977 0.009244 -0.194473758
20133981 2.365000 0.0300 0.9095357 -0.0018544 0.009539 -0.194406372
20133981 2.375000 0.0309 0.9094808 -0.0019093 0.009843 -0.193972522
20133981 2.385000 0.0319 049094043 -0,0019859 0,010157 -0.195514079
20133981 2.395000 0.0329 0.9093031 -0.0020870 0.010481 -0.199122330
20133981 2.405000 0.0339 0.9091733. -0.0022168 0.010815 -0.204975959
20133981 2.415000 0.0350 0.9090095 ~0.0023807 0.,011159 -0,213331200
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REACTIVITY PROGRAM OUTPUT LISTING FOR CHANNEL

0

— RECORD NOQ. TIME POMER  REACTIVITY COMP. RFACT. = ENERGY B(T)
20133981 2.425000 0.0360 0.9087903 -0.0025999 0.011514 -0.225793611
20133981 2.435000 0.0371 0.9085183 ~-0.0028718 0.011880 =0.241742099
20133981 2.445000 0.0382 0.9082191 -0.0031711 0.012256 —0.258738451
20133981 2.455000 0.0393 0.9079230 -0.0034672 0.012643 ~0.274242055
20133981 22465000 0.. 0404 0.9076624 -0.0037278 0.013041 0285850003
20133981 2.475000 0.0416 09074644 -0.0039257 0.013451 —0.291862804
20133981 2.485000 0.0428 0.9073269 -0.0040633 0.013872 —0.292905901
20133981 2.495000 0.044]1 0.9072429 —0.0041473 0.014306 —0.289890405
20133981 2.505000 0.0454 0.9072215 -0.0041687 0.014753 —~0.282557640
20133981 2.515C00 0.0468 0.9072543 -0.0041358 0.015214 ~0.271841578
20133981 24525000 0.0482 0.9073293 -0.0040608 0.015689 —0.258833844
20133981 2.535000 0.0497 0.9074436 -0.0039465 0.016179 —0.243934235
20133981 2.545000 0.0513 0.9075813 -0.0038089 0.016684 =0.228296459
20133981 2.555000. 0.0%30 0.9077210 ~0.0036692 0.017205 —0.213261338
20133981 2.565000 0.0546 0.9078413 ~0.0035488 0.017743 =0.200009227
20133981 2.575000 0.0564 0.9079398 -0.0034504 0.018299 -0.188560858
20133981 2.585000 0.0582 0.9080205 =-0.0033697 0.018872 —0.178557238
20133981 2.595000 0.0601 0.9080855 -0.0033047 0.019463 -0.169794122
20133981 2.605000 0.0620 0.9081380 -0.0032521 0.020073 -0.162012639

—_——.2013398Y 000 2.615000 20 0.0640 0.9081722 =-0.0032180 0.020703 —0.155435028
20133981 2.625000 0.0660 0.9081800 -0.0032101 0.021353 -0.150335712
20133981 2.635000 0.0681 0.9081604 -0.0032297 0.022024 -0.146648156
20133981 2.645000 0.0702 0.90812213 -0.0032678 0.022715 -0.143861959
20133981 2.655000 0.0724 0.9080691 -0.0033211 0.023428 =0.141755417
20133981 2.665000 0.0747 0.9080022 -0.0033880 0.024164 ~0.140208205
20133981 24615000 0.0770 0.9079161 =0.0034740 0.024922 ~0.139395736
20133981 2.685000 0.0794 0.9078112 ~0.0035789 0.025704 -0.139238114
20133981 2.695000 0.0818 0.9076896 -0.0037006 0.026509 -0.139594283
20133981 2.705000 0.0843 0.9075505 -0.0038397 0.027340 ~0.140442761
20133981 2.715000 0.0868 0.9073906 =0.0039996 0.028195 -0.141852846
20133981 2.725000 0.0894 0.9072073 -0.0041829 0.029077 ~0.143857382
20133981 2.735000 0,092} 0.9069931 -0.0043971 0.029985. =0.146645403
20133981 2.745000 0.0948 0.9067426 -0.0046476 0.030919 =0.150312224
20133981 2.755000 0.0976 0.9064435 ~0.0049467 0.031882 =0.155157369
20133981 2.765000 0,1004 0.9060938 =0.0052963 0.032872 =0.161120543
20133981 2.775000 0.1032 0.9056845 -0.0057056 0.033890 -0.168355877
20133981 2.785000 0.1061 0.9052157 ~0.0061745 0.034937 ~0.176731406
20133981 2.195000 0.1090 0.9046825 =0.0067077 0.036013 -0.186258974%
20133981 2.805000 0.1118 0.9040775 -0.0073127 0.037117 -0.197018020
20133981 2.815000 0.1147 0.9033853 -0.0080049 0.038250 -0.209278753
20133981 2.825000 0.1176 0.9026070 =0.0087831 0.039411 -0.222857080
20133981 2.835000 0.1204 0.9017377 -0.0096524 0.040601 ~0.237736957
20133981 2.845000 0.1231 0.9007728 -0.0106173 0.041819 -0.253888052
20133981 2.855000 041258 028997069 -0.0116832 0.043064 -0.271301609
20133981 2.865000 0.1284 0.8985382 -0.0128520 0.044335 ~-0.289885066
20133981 2.875000 0.1309, 0.8972648 -0.0141253 0.045631 -0.309553616
20133981 2.885000 0.1333 0.8958919 =0.0154983 0,046952 -0.330087103
20133981 2.895000 0.1355 0.8944213 -0.0169688 0.048296 -0.351352081
20133981 2.905000 0.1376 0.8928660 -0.0185242 0.049661 -0.373009771
20133981 2.915000 0.1396 0.8912436 ~0.0201466 0.051047 =0.394664712
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REACTIVITY PROGRAM OUTPUT LISTING FOR CHANNEL 0

RECORD NO. TIME POWER REACTIVITY COMP. REACT. ENERGY 8(T)
20133981 2.925000 0.1415 0.8895715 -0.0218186 0.052453 -0.415967170
20133981 2.935000 0.1433 0.8878747 =0.0235154% 0.053877 ~0.436467070
20133981 2.945000 0.1451 0.8861642 -0.0252260 0.055318 -0.456013806
20133981 2.955000 0.1468 0.8844472 -0.0269430 0.056777 -0.474537898
20133981 2.965000 0.1484 0.8827327 =0.0286575 0.058253 ~0.491951123
20133981 2.975000 0.1500 0.8810302 -0.0303600 0.059744 -0.508165911
20133981 2.985000 0.1515 0.8793416 ~0.0320486 0.061252 -0.523227535

— 20133981 22995000 0.1531 0.8776633 =-0.0337268 0.062775 =0.537266038

20133981 3.005000 0.1546 0.8759924 -0.0353978 0.064313 -0.550394937
20133981 3.015000 0.1561 0.8743227 -0.0370675 0.065867 -0.562762745
20133981 3.025000 0.1576 0.8726482 ~0.0387419 0.067435 -0.574505560
20133981 3.035000 0.1590 0.8709684 -0.0404218 0.069018 -0.585672021
20133981 3.045000 0.1603 0.8692860 ~0.0421042 0.070614 -0.596256770
20133981 3.055000 0.1617 0.8676114 =0.0437787 0.072224 ~0.606149167
20133981 3.065000 0.1630 0.8659456 -0.0454445 0.073848 -0.615379550
20133981 3.075000 0.1644 0.8642989 -0.0470913 0.075485 -0.623849839
20133981 3,085000 0.1657 0.8626638 -0.0487264 0.077135 ~0.631701715
20133981 3.095000 0.1670 0.8610423 ~0.0503479 0.078799 ~0.638944350
20133981 3.105000 0.1683 0.8594316 -0.0519586 0.080475 -0.645648509
20133981 3.115000 01696 0.8578321 -0.0535581 0.082164 ~0.651839934
20133981 3.125000 0.1709 0.8562340 =0.0551562 0.083867 -0.657664336
20133981 3.135000 0.1721 0.8546330 ~0.0567571 0.085582 ~0.663192511
20133981 3.145000 0,1733 0,8530231 ~0.0583670 0,087309 ~-0.668511681
20133981 3.155000 0.1745 0.8513963 ~0.0599939 0.089048 -0.673723377
20133981 3.165000 0.1757 0.8497519 -0.0616383 0.090799 -0.678842224
20133981 3.175000 0.1768 0.8480964 =0.0632938 0.,092561 -0,683804341
20133981 3.185000 0.1778 0.8464297 -0.0649605 0.094334 ~0.688620202
20133981 3.195000 0.1789 0.8447596 -0.0666306 0.096118 -0.693217099
20133981 3,205000 0.1799 0.8430863 =0.0683038 0.097912 ~0.697604947
20133981 3.215000 0.1809 0.8414119 -0.0699783 0.099716 -0.701776251
20133981 3.225000 0.1819 0.8397371 -0.0716531 0.101530 -0.705734953
20133981 3.235000 0.1828 0.8380633 ~0.0733269 0.103353. -0.709479384
20133981 3.245000 0.1837 0.8363890 =-0.0750012 0.105186 -0.713035151
20133981 3.255000 0.1846 0.8347114 -0.0766787 0.107028 -0.716438867
20133981 3,265000 0.1855 0,8330298 -0.,0783604 0.108878 -0.719706908
20133981 3.275000 0.1863 0.8313463 ~0.0800438 0.110737 -0.722826272
20133981 3.285000 0.1872 0.8296601 -0.0817300 0.112605 =0.725813590
20133981 3,295000 0.1879 0.8279711 =0.0834191 0.114480 ~0.728677653
20133981 3.305000 0.1887 0.8262829 -0.0851073 0.116363 -0.731392711
20133981 3.315000 0.1895 0.8245989 -0.0867912 0.118254 -0.733938426
20133981 3.325000 0.1902 0.8229213 -0.0884689 0.120152 ~0.736306101
20133981 3.335000 0.1909 0.8212552 =0.0901349 0.122058 "=0.738460913
20133981 3.345000 0.1916 0.8195998 -0.0917904 0.123971 -0.740420789
20133981 3.355000 0.1923 0.8179547 =0.0934355 0,125890 ~0,742197074
20133981 3.365000 0.1930 0.8163193 -0.0950709 0.127817 -0.743803024
20133981 3.375000 0.1937 0.8146961 =0.0966941 0.129751 -0.745227948
20133981 3.385000 0.1944 0.8130834 ~0.0983068 0.131692 =0.746491618
20133981 3.395000 0.1951 0.8114723 -0.0999179 0.133639 ~0.747668609
20133981 3.405000 0.1957 0.8098599 ~0.1015303 0.135593 ~0.T748784371
20133981 3.415000 0.1964% 0.8082468 ~0.1031434 0.137554 -0,749838203
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REACTIVITY PROGRAM QOUTPUT LISTING FOR CHANNEL 0

— RECORD NO. TIME POWER REACTIVITY COMP. REACT. ENERGY. BLT)
20133981 3.425000 0.1970 0.8066287 -0.1047614 0.139521 -0.750863820
2013398} 32435000 0.1976 0.8050011 ~0.1063891 0.141494 -0.751896054
20133981 3.445000 0.1982 0.8033596 -0.1080305 0.143473 -0.752965234
20133981 3.455000 0.1987 0.8017070 -0.1096832 0.145458 -0.754052721
20133981 3.465000 0.1993 0.8000405 ~0.1113497 0.147448 ~0«755177490
20133981 3.475000 0.1998 0.7983519 -0.1130383 0.149444 ~0.756394505
20133981 3.485000 0.2002 0.7966378 ~0.1147524 0.151443 -0.757724158
20133981 3.495000 0.2006 0.7948968 ~0.1164933 0.153448 -0.75911295%
20133981 3.505000 0.2010 0.7931311 ~0.1182591 0.155456 -0.760725185
20133981 3.515000 0.2013 0.7913480 -0.1200421 0.157467 ~0.762330353
20133981 3.525000 0.2016 0.1I895462 =0.1218439 0.159482 0763997674 _
20133981 3.535000 0.2019 0.7877203 -0.1236699 0.161500 -0.765759930
20133981 3.545000 0.2021 0.7858759 -0.1255143 0.163519 ~0.767580412
20133981 3.555000 0.2023 0.7840241 =0.1273660 0.165541 =0.769391239
20133981 3.565000 0.2025 0.7821706 ~0.1292195 0.167565 -0.771160394
20133981 3.575000 0.2026 0.7803223 -0.1310679 0.169590 ~-0.772849433
20133981 3.585000. 0.2028 0.77184864 =0.1329038 0.171617 ~0a174419501
20133981 3.595000 0.2029 0.7766673 ~0.1347228 0.173646 -0.775848851
20133981 3.605000 0.2031 0.7748634 -0.1365267 0.175675 -0.777153127
20133981 3.615000 0.2032 0.7730794 -0.1383108 0.177707 -0.7783094179
20133981 3.625000 0.2033 0.7713198 -0.1400703 0.179739 ~0«779297329
20133981 3.635000 0.2035 0.7695879 -0.1418023 0.181773 -0.780104309
20133981 3.645000 0.2037 0.7678826 -0.1435076 0.183809 ~0.780741550
20132981 3.655000 0.2038 0.7661991 ~0.1451911 0.185847 -0.781239763
20133981 3.665000 0.2040 0.7645299 -0.1468603 0.187886 ~0.781644002
20133981 3.6715000 0.2042 0.1628673 . =0.1485229 0.189928 -0.781997189
20133981 3.685000 0.2044 0.7612104 -0.1501798 0.191971 -0.782306135
20133981 3.695000 0.2046 0.7595609 -0.1518293 0.194015 ~0.782563239
20133981 3.705000 0.2047 0.7579130 =0.1534771 0196062 ~0.782799557
20133981 3.715000 0.2049 0.7562548 -0.1551353 0.198110 -0.783077016
20133981 3.725000 0.2050 0.7545786 -0.1568116 0.200159 -0.783433564
20133981 3.735000 0.2051 0.7528789 -0.1585113 0.202210 ~0.783894315
20133981 3.745000 0.2052 0.7511576 -0.1602326 0.204261 -0.784448475
20133981 3.755000 0.2052 0.7494192 -0.1619710 0.206314 -0.785071999
20133981 3.765000 0.2053 0.7476639 ~0.1637263 0.208366 ~0785762936
20133981 3.775000 0.2053 0.7458887 -0.1655014 0.210419 -0.786534511
20133981 3.785000 0.2052 0.7440939 -0.1672963 0.212471 ~0.787384845
20133981 3.795000 02052 0.7422894 ~0.1691008 0.214523 -0.788265258
20133981 3.805000 0.2051 0.7404874 -0.1709027 ' 0.216574 ~0.789119929
20133981 3.815000 0.2050 0.7387016 -0.1726886 0.218624 -0.789887026
20133981 3.825000 0.2050 001369434 ~0.1744468 0.220674% ~0.790516119
20133981 3.835000 0.2049 0.7352244 -0.1761658 0.222724 -0.790960498
20133981 3.845000 0.2049 0.7335426 -0.1778476 0.224773 -0.791231334%
20133981 3.855000 0.2049 0.7318861 ~0.1795040 0.226822 ~0.791386023
20133981 3.865000 0.2049 0.7302520 -0.1811382 0.228872 ~0.791440554
20133981 3.875000 0.2049 0.7286346 -0.1827556 0.230921 -0.791420959
20133981 3.885000 02049 0.7270282 -0.,1843620 0.232970 -0.791354105
20133981 3.895000 0.2049 0.7254186 ~0.1859715 ’ 0.235020 -0.791301288
20133981 3.905000 0.2049 0.7237924% -0.1875977 0.237069 = -0.791319713

——20133981_____ 3.915000_ - = 0.2049 = 0.7221281 = -0.1892620 @ = 0.239119 -0.791497909
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REACTIVITY PROGRAM OUTPUT LISTING FOR CHANNEL 0

RECORD NQO. TIME POWER REACTIVITY COMP. REACT. ENERGY B{T)
20133981 3.925000 0.2048 0.7204235 -0.1909667 0.241168 -0.791842274
20133981 3.935000 0.2047 0.7186851 ~0.1927051 0.243215 ~0.792322561
20133981 3.945000 0.2046 0.7169134 -0.1944767 0.245262 -0.792934254
20133981 3.955000 0.2044 0.7151165 -0.1962736 0.247307 -0.793642871
20133981 3.965000 0.2043 0.7133013 ~0.1980889 0.249351 =0.794418894
20133981 3.975000 0.2041 0.7114745 -0.1999156 0.251392 -0.795234114
20133981 3.985000 0.2038 0.7096361 -0.2017541 0.253432 -0.796088912
20133981 3.995000 0.2036 0.7077912 ~-0.2035990 0.255469 —0.796962351
20133981 4.005000 0.2034 0.7059479 -0.2054423 0.257504 -0.797823213
20133981 4.015000 0.2031 0.7041188 -0.2072714 0.259536 -0.798623018
20133981 4.025000 0.2029 0.7023073 -0.2090829 0.261566 -0.799350165
20133981 4.035000 0.2027 0.7005051 -0.2108850 0.263594 -0.800037786
20133981 4.045000 0.2024 0.6987086 ~0.2126816 0.265619 -0.800700933
20133981 4.055000 0,2022 0.6969126 =0.2144775 0.267642 -0.801359236
20133981 4.065000 0.2019 0.6951227 -0.2162675 0.269663 -0.801992618
20133981 4.075000 0.2017 0.6933445 -0.2180457 0.271681 -0.802580975
20133981 4.085000 0.2014 0.6915788 -0.2198114 0.273696 ~-0.803121872
20133981 4.095000 0.2012 0.6898343 -0.2215559 0.275709 -0.803585097
20133981 4.105000 0.2010 0.6881123 ~-0.2232778 0.277720 -0.803967178
20133981 4$.115000 0.2007 0.6864068 -0.,2249833 0.279729 ~0.804291345
20133981 40125000 0.2005 0.6847181 -0.2266721 0.281735 -0.804557748
20133981 4.135000 0.2003 0.6830454 ~0.2283448 0.283739 -0.804769479
20133981 4,145000 0.2001 0.6813863 -0.2300038 0.285742 ~0.804936469
20133981 4.155000 0.1999 0.6797419 -0.2316483 0.287742 -0.805055946
20133981 4.165000 0.1997 0.6781043 -0.2332859 0.289740 -0.805155635
20133981 44175000 0,1995 0.6764584% -0.2349318 0.291736 ~-0.805288233
20133981 4.185000 0.1993 0.6748027 -0.2365875 0.293730 ~0.805458106
20133981 4.195000 0.1991 0.6731345 -0.2382557 0.295722 ~0.805673897
20133981 4.205000 0.1988 0.6714530 -0.2399372 0.297712 -0.805937879
20133981 4.215000 0.1986 0.6697650 -0.2416252 0.299699 -0.806226619
20133981 4.225000 0.1983 . 0.6680747 -0.2433155 0.301684 -0.806525692
20133981 4,235000 0.1981 0.6663846 —-0.,2450056 0.303666. ~0.806826845
20133981 4245000 0.1978 0.6646899 -0.2467003 0.305645 -0.807146102
20133981 4.255000 0.1976 0.6629899 -0.2484003 0.307622 -0.807485215
20133981 4.265000 0.1973 0.6612866 -0.2501036 0.309596 -0,807837568
20133981 4.275000 0.1970 0.6595704 -0.2518198 0.311568 —0.808234207
20133981 4.285000 0.1967 0.6578379 -0.2535523 0.313536 -0.808685161
20133981 4.295000 0.1964 0.6560862 ~0.2553039 0.315502 -0.809198871
20133981 4.305000 0.1961 0.6543113 -0.2570789 0.317465 -0.809787668
20133981 4.315000 0.1957 0.6525070 -0.2588831 0.319424 -0.810469553
20133981 4,325000 0.195% 0.6506740 -0.2607162 0.321379 -0.811241515
20133981 4.335000 0.1950 0.6488050 -0.2625851 0.323331 -0.812124856
20133981 4.345000 0.1946 0.6469087 -0.2644815 0.325279 -0.813091733
20133981 44355000 041942 0.6450001 =0.2663900 0.327222 =0.814094581
20133981 4365000 0.1937 0.6430840 -0.2683062 0.329162 -0.815119058
20133981 4.375000 0.1933 0.6411635 -0.2702266 0.331097 -0.816155300
20133981 4.385000 0.1929 0.6392448 —0.2721454 0.333028 -0.817184784
20133981 4.395000 0.1924 0.6373401 -0.2740500 0.334955 -0.818170875
20133981 4.405000 0.1920 0.6354479 -0.2759422 0.336877 -0.819119148

20133981 4$.415000 0.1916 0.6335617 ~-0.2778285 0.338795 ~0.820049278
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REACTIVITY PROGRAM QUTPUT LISTING FOR CHANNEL 0

___RECORD NO. TIME POMER REACTIVITY __ COMP. REACT. ENERGY 81T)

20133981 4.425000 0.1912 0.6316811 -0.2797091 0.340709 -0.820962772
20133981 4.435000 0.1907 0.6298045 ~0.2B15857 0.342618 -0.A2186438]
20133981 4.445000 0.1903 0.6279249 -0.2834652 0.344523 -0.822774820
20133981 4.455000 0.1899 0.6260371 -0.2853531 0.346424 +—0.823709562
20133981 44465000 0.1894 0.,6241323 -0.28125178 0.348321 -0.824693270
20133981 4.475000 0.1890 0.6222109 -0.2891792 0.350213 -0.825724624
20133981 4.485000 0.1885 0.6202984 -0.2910917 0.352100 -0.826730371
20133981 4.495000 0.1881 0.6184029 ~0.2929873 0.353983 ~N. 827488210
20133981 4.505000 0.1876 0.6165289 -0.2948612 0.355861 -0.828585766
20133981 4.515000 0.1872 0.6146869 -0.2967032 0.357735 -0.829394661
20133981 4.525000 0.1868 0.,6128867 =0,2985035 0.359604% =0.8300868831
20133981 4.535000 0.1864 0.6111363 -0.3002538 0.361470 -0.830647223
20133981 4.545000 0.1860 0.6094371 -0.3019531 0.363332 -0.831067525
20133981 4.5550Q00 0.1856 0.6077883 =-0.3036019 0.365190 =0.831353769
20133981 4.565000 0.1853 0.6061874 -0.3052027 0.367045 -0.831514195
20133981 4.575000 0.1850 0.6046268 ~0.3067634 0.368896 -0.831571221
20133981 4. 585000 0.1847 0.6030891 -0.3083011 0.370745 —0.831572473
20133981 4.595000 0.1844 0.6015656 +=0.3098246 0.372590 -0.831542060
20133981 4.605000 0.1841 0.6000426 -0.3113475 0.374433 -0.831517071
20133981 4.4615000 0.1838 0.5985163 ~0.3128739 0.3746273 =0.831507698
20133981 4.625000 0.1835 0.5969886 -0.3144016 0.378110 -0.831508435
20133981 4.635000 0.1832 0.5954391 -0.3159510 0.379944 -0.831572875
20133981 %.645000 0.1829 0.5938658 =0.3175243 0.381115 -0.831705616
20133981 4. 655000 0.1826 0.5922662 ~0.3191239 0.383603 -0.831912838
20133981 4.665000 0.1823 0.5906288 —0.3207614 0.385427 -0.832223296
20133981 4.475000 0.1819 0.5889%932 - =0.3224369 0.387248 =0.£32636766
20133981 4.685000 0.1815 0.5872394 —~0.3241508 0.389065 -0.£33152704
20133981 4.695000 0.1811 0.5854862 =0.3259040 0.390879 -0.£33772555
20133981 40705000 0.1807 0.5836990 ~0.3276912 0,392688 ~0.£34482022
20133981 4.715000 0.1803 0.5818825 -0.3295077 0.394493 -0.£35268110
20133981 4.725000 0.1799 0.5800469 —-0.3313432 0.396294 -0.€36104326
20133981  4.735000 =~ 0.1794  0.5782033  -0,3331868 =~ 0.398091. ~0,£36962290
20133981 4.T745000 0.1790 0.5763578 -0.3350324 0.399883 ~0.£37826855
20133981 4.755000 0.1785 0.5745198 ~0.3368704 0.401670 -0.E38674068
20133981 4.765000 0.1781 05727004 -0.3386898 0.403453 =0,£39476869
20133981 4.775000 0.1777 0.5709042 -0.3404860 0.405232 -0. 840224423
20133981 4.785000 0.1773 0.5691475 -0.3422427 0.407007 -0.840876937
20133981 4.795000 0.1769 0.5674237 =0.3439664 0.408777 -0,841451578
20133981 4.805000 -1765 0.5657212 -0.3456690 0.410544 -0.841977723
20133981 4.815000 0 1761 0.5640349 ~0.3473552 0.412307 ~0.8424967755
MD—J.MM—QMI__QMM.MZ9SSTSB
20133981 4.835000 0.1753 0.5606560 -0.3507342 0.415821 =0.8436474627
20133981 4.845000 0.1749 0.5589499 -0.3524403 0.417572 -0.844023325
20133981 4.855000 0.1745 0.5572216 =-0.3541626 D.419319 =-0.844614215
20133981 4.865000 0.1741 0.5554910 -0.3558992 0.421062 -0.845242292
20133981 4.875000 0.1737 0.5537414 -0.3576488 0.422801 -0.845904343
20133981 44885000 01733 0.5%19893 -0.3594009 0.424535 ~(. 846575104
20133981 4.895000 0.1728 0.5502424 -0.3611478 0.426266 -0.847235469
20133981 4.905000 0.1724 0.5485165 -0.3628736 0.427992 -0.847851530

20133981 4.915000 0.1720 0.5468294% -0.3645608 0.429714 =0.8683795175
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REACTIVITY PROGRAM OUTPUT LISTING FOR CHANNEL 0

RECORD NO. TIME POWER REACTIVITY  COMP. REACT. ENERGY B(T)
20133981 4.925000 0.1717 0.5451915 -0.3661986 0.431433 ~0.848796502
20133981 _4.935000 0.1713 0.5435947 -0.3677954 0.433148 -0.849122658
20133981 4.945000 0.1709 0.5420385 ~0.3693516 0.434859 -0.849359773
20133981 4.955000 0.1706 0.5405214 -0.3708688 04436567 -0.849512182
20133981 4.965000 0.1703 0.5390281 ~0.3723621 . 0.438271 -0.849615291
20133981 4.975000 0.1700 0.5375442 —0.3738460 0.439973 ~0.849702336
20133981 4.985000 0.1697 0.5360652 -0.3753249 0.441671 -0.84978363T
20133981 4.995000 0.1693 0.5345645 ~0.3768257 0.443366 —-0.849919446
20133981 5.005000 0.1690 0.5330206 -0.3783696 0.445058 -0.850157298
20133981 5.015000 0.1687 0.5314274 -0.3799628 0.446747 -0.850510322
20133981 5.025000 0.1683 0.5297739 -0.3816163 0.448432 -0.851001896
20133981 5.035000 0.1679 0.5280335 ~0.3833567 0.450113 ~0.851689965
20133981 5.045000 0.1675 0.5261967 -0.3851934 0.451790 -0.852594130
20131981 5.055000 0.1670 0.5242501 -0.3871401 0.453662 -0.85374242]
20133981 5.065000 0.1665 0.5221869 ~0.3892032 0.455130 -0.855147526
20133981 5.075000 0.1660 0.5200094 -0.3913808 0.456792 -0.856802896
20133981 5.085000 0.1654 0.5177318 -0.3936583 0.458449 ~0.858675048
20133981 5.095000 0.1648 0.5153844 ~0.3960058 0.460099 ~0.860696942
20133981 5.105000 0.1641 0.5129881 -0.3984021 0.461743 -0.862821765
20133981 5,115000 0.1635 0.5105912 -0.4007990 0.463381 ~0.864944562.
20133981 5.125000 0.1629 0.5082154 ~0.4031748 0.465013 ~0.867018782
20133981 5.135000 0.1623 0.5058677 -0.4055225 0.466638 -0.869029716
20133981 5.145000 0.1616 0.5035615 -0.4078227 0.468258 ~0.870936595
20133981 5.155000 0.1611 0.5013517 ~0.4100384 0.469871 -0.872661486
20133981 5.165000 .0.1605 0.4992140 -0.4121762 0.471479 -0.874219343.
20133981 5.175000 0.1600 0.64971379 ~0.4142523 0.473082 -0.875646226
20133981 5.185000 0.1595 0.4950999 -0.4162902 0.474679 -0.876992807
20133981 5.195000 0.1590 0.4930745 ~0.4183157 0.476271 -0.878313579
20133981 5.205000 0.1585 0.4910506 ~0.4203396 0.477859 -0.879631653
20133981 5.215000 0.1580 0.4890204 -0.4223698 0.479441 -0.880963542
20133981 5.225000 0.1574 0.4869853 —0.4244049 0.481018 -0.882306330
20133981 5,235000 0.1569 0.4849702 ~0.4264199 0.482589 ~0.883608073
20133981 5.245000 0.1564 0.4829805 ~0.4284096 0.484156 -0.884858102
20133981 5.255000 0.1560 0.4810342 -0-4303560 0.485718 -0.886019647
20133981 5,265000 0.1555 0.4791270 -0.4322631 0.487276 -0.887102030
20133981 5.275000 0.1550 0.4772609 -0.4341293 0.488828 -0.888102047
20133981 5.285000 0.1546 0.4754583 -0.4359319 0.490376 ~0.888974130
20133981 5.295000 0.1542 0.4737354 ~0.43765417 0.491920 -0.889686249
20133981 5.305000 0.1538 0.4720804 —0.4393098 0.493460 ~0.890263706.
20133981 5.315000 0.1534 0.4704807 -0.4409095 0.494996 -0.890732668
20133981 5.325000 0.1531 0.4689106 -0.4424795 0.496529 -0.891145676
20133981 5.335000 0.1527 0.4673692 ~0.4440210 0.498058 -0.891505137
20133981 5.345000 0.1524 0.4658489 -0.4455412 0.499583 -0.891826309
20133981 5.355000 0.1520 0-4643456 ~0.4470445 0.501105 -0.892117694
20133981 5.365000 0.1517 0.4628552 -0.4485350 0.502623 -0.892387830
20133981 5.375000 0.1513 0.4613698 -0.4500203 0.504139 -0.892651938

20133981 5.385000 041510 0.4598571 -0.451533) 0.505651 ~0.892974593
20133981 5.395000 0.1507 0.4583000 -0.4530902 0.507159 -0.893388703
20133981 5.405000 0.1503 0.4566800 ~0.4547101 0.508664 -0.893930219
20133981 _ 5.415000 0.1499 0.4549719 —0.4564182 0.510165 —0.894647926
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SPORT 03/15/65 SPERT I KNOWN RATE OF INSERTION - 17 CENTS/SECOND PAGE 13
REACTIVITY FROGRAM QUTPUT LISTING FOR CHANNEL 0
. RECORD_NOQ. TIME POMER REACTIVITY COMP. REACT. ENERGY B(T)
20133981 5.425000 0.1495 0.4531794 -0.4582107 . 0511662 -0.895533361
— . 20133981 5.435000 0.1491 0.4513021 ~-0.4600880 0.51315%5 -0.896586180
20133981 5.445000 0.1486 0.4493311 ~0.4620591 0.514644 -0.897822902
20133981 5.455000 0.1482 0.4472651 -0.4641251 0.516128 -0.899244614
20133981 5465000 0.1417 0.4451344 =0.4662557 0.517607 =0.900791645
20133981 5.475000 0.1471 0.4429631 -0.4684271 0.519080 -0.902417131
20133981 5.485000 0.1466 0.4407699 -0.4706202 0.520549 -0.904084101
20133981 5.495000. 0al461 0.4385956 ~0.46127944 0.522013 -0.905114519
20133981 5.505000 0.1456 0.4364635 ~0.4749267 0.523471 -0.907263979
20133981 5.515000 0.1451 0.4343885 -0.4770017 0.524925 -0.908704638
20133981 54525000 01447 0.4323812 —0.4790089 0.526374 -0.910016693
20133981 5.535000 0. 1442 0.4304517 -0.4809384 0.5278.8 ~0.911182158
20133981 5.545000 0.1438 0.4285966 -0.4827936 0.529258 -0.912208222
20133981 5.555000 00,1434 0.4268156 =0.4845746 0.530694 =0.913096264
20133981 5.565000 0.1430 0.4251010 -0.4862892 0.532126 -0.913861439
20133981 5.575000 0.1426 0.4234338 -0.4879564 0.533554 -0.914540179
20133981 5..585000 D.1422 0.4217568 ~0.4896334 0.534918 -0.915239982
20133981 5.595000 0.1419 0.4200498 -0.4913404 0.536399 -0.915998586
20133981 5.605000 0.1415 0.4182995 ~0.4930906 0.537815 -0.916840136
20133981 5615000 0.1411 0.4164882 =0.4949020 0.539228 =0.9177917469
20133981 5.625000 0.1406 0.41646229 -0.4967672 0.540636 -0.918856502
20133981 5.635000 0.1402 0.4127231 -0.4986670 0.542041 -0.919980921
201133981 5.645000. 0.1398 0.4107940 =0.5005961 0.543441 =0.921160623
20133981 5.655000 0.1394 0.4088466 -0.5025436 0.544836 -0.922375217
20133981 5.665000 0.1389 0.4068945 -0.5044957 0.546228 -0.923599422
201133981 5...615000 0.1385 0.4069451 =0.5064451 = 0.541615  -0.924819730
20133981 5. 685000 0.1381 0.4030035 -0.5083867 0.548998 ~0.926026836
20133981 5.695000 0.1376 0.4010654 -0.5103247 0.550376 -0.927228555
20133981 5..105000. 0.1372 0.3991282 -0.5122619 0.551151 ~0.928429931
20133981 5.715000 0.1368 0.3971825 -0.5142077 0.553121 ~0.929647900
20133981 5.725000 0.1364 0.3951928 ~0.5161974 0.554487 -0.930946358
20133981 54135000 0.13599 0.3931521 -0.5182381 0.555848 -0.932337701
20133981 5.745000 0.1355 0.3910556 -0.5203346 0.557205 -0.933829889
20133981 5.755000 0.1350 0.3889443 -0.5224459 0.558557 -0.935348958
2013398]1 5165000 0.1345 0.3368200 -0.5245702 0.559905 -0,936891593
20133981 5.775000 0.1341 0.3846915 -0.5266987 0.561248 -0.938441984
20133981 5.785000 0.1336 0.3825653 -0.5288249 0.562586 -0.939988628
20133981 5795000 0.1332 0.3804672 -0.5309229 0.563920 ~-0.941485614%
20133981 5.805000 0.1327 0.3784153 -0.5329748 0.565250 -0.942901351
20133981 5.815000 0.1323 0.376415¢4 ~0.5349748 0.566575 -0.944225997
20133981 5.825000 0.1319 0.37441765 -0,53691317 0.567896 =0.945443988
20133981 5.835000 0.1315 0.3725987 -0.5387915 0.569213 -0.946555831
20133981 5.845000 0.1311 0.3708165 -0.5405736 0.570526 -0.947501220
20133981 5.855000 0.1307 0.3690959. =0.5422943 0,.571835 -0.948340856
20133981 5.865000 0.1304 0.3673984 -0.5439918 0.573140 -0.949142195
20133981 5.875000 0.1300 0.35656818 -0.5457083 0.574442 -0.949979141
20133981 5..885000 0.1296 0.35639391 —0.5474511 0515141 —0.950863112
20133981 5.895000 0.1293 0.3521783 ~-0.5492118 0.577036 -0.951781631
20133981 5.905000 0.1289 0.3603397 -0.5510505 0.578326 -0.952836372
20133981 52915000 0.1285 0.3584212 -0.5529630 0.579613 -0.954020359
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SPORT 03/15/65 SPERT I KNOWN RATE OF INSERTION - 17 CENTS/SECOND PAGE 14
REACTIVITY PROGRAM OUTPUT LISTING FOR CHANNEL 0
RECORD. NO=. TIME POWER REACTIVITY COMP. REACT. ENERGY BIT)
20133981 5.925000 0.1281 0.3564577 -0.5549324 0.580896 -0.955303855
20133981 5.935000 0.1277 0.3544929 ~0.5568973 0.582175 -0.956580497
20133981 5.945000 0.1273 0.3525618 -0.5588283 0.583450 -0.957800157
20133981 5.955000 0.1269 0.3506956 -0.5606946 '0.584721 -0.958910152
~.-20133981 5,965000 0.1265 0.3489427 ~0.5624475 0.585988 -0.95%828041
20133981 5.975000 0.1262 0.3473290 -0.5640612 0.587251 -0.960510470
201339861 5.985000 0.1259 0.3458666 -0.5655236 0.588512 -0.960938051
20133981 5995000 0-1256 03444871 =0.5669031 0.589770 =0.961227976
20133981 6.005000 0.1253 0.3431660 -0.5682241 0.591024 -0.961422458
20133981 6.015000 0.1251 0.3418721 -0.5695181 0.592276 -0.961574756
20133981 6.025000 0.1248 0.3405927 -0.5707975 0.593526 -0.961706229
20133981 6.035000 ‘01245 0.3393043 ~0.5720858 0.594773 -0.961856514
20133981 6.045000 0.1243 0.3379514 -0.5734387 0.596017 -0.962118819
20133981 6.055Q00 021240 0.3365400 ~0.5748502 0.597258 -0.962482713
20133981 6.065000 0.1237 0.3350656 -0.5763245 0.598496 -0.962954819
20133981 6.075000 0.1234 0.3335577 -0.5778324 0.599731 -0.963485688
20133981 6.285000 0,1231 0.3320183 ~-0.5793719 0.600963 -0.964071803
20133981 6.095000 0.1228 0.3304604 -0.5809298 0.602193 -0.964690961
20133981 6.105000 0.1225 0.3288976 ~0.5824926 0.603419 ~0.965320662
__ 20133981 6.115000 = 0.1221 = 0.3273282 = -~0.5840619 == 0.604642 __ -0,965963453
20133981 6.125000 0.1218 0.3257126 -0.5856776 0.605862 -0.966685146
20133981 6.135000 0.1215 0.3240211 -0.5873690 0.607079 -0.967533916
20133981 64145000 0.1212 0.3222656 -0.5891245 0.608292 -0.968489915
20133981 6.155000 0.1208 0.3204543 =0.5909359 0.609502 -0.969539262
20133981 6.165000 0.1205 0.3186149 ~0.5927753 0.610708 -0.970636055
20133981 6.175000 0.1201 0.3167493 -0.5946408 0.611911 -0.971776858
20133981 6.185000 0.1197 0.3148546 ~0.5965356 0.613110 -0.972966582
20133981 6.195000 0.1194 0.3129582 -0.5984320 0.614306 =0.974160068
20133981 6+205000 0.1190 0.3110870 -0.6003032 0.615497 -0.975313865
20133981 6.215000 0.1187 0.3092986 -0.6020916 0.616686 -0.976334415
20133981 6.225000 0.1184 0.3076277 -0.6037625 0.617871 -0.977166079
20133981 6235000 0.1180 0.3060779 ~0.6053123 0.619053 ~0.977803849
20133981 6.245000 0.1178 0.3046474 -0.6067428 0.620232 ~0.978251271
20133981 6.255000 0.1175 0.3033260 -0.6080641 0.621408 -0.978525683
20133981 6.265000 0.1173 0.3020532 -0.6093370 0.622582 -0.978725158
20133981 6.275000 0.1170 0.3008241 -0.6105661 0.623754 -0.978857689
20133981 6.285000 0.1168 0.2996129 -0.6117772 0.624923 -0.978964642
20133981 6.295000 01165 0.2983986 -0.6129915 0.626089 -0.979080014%
20133981 6.305000 0.1163 0.2971631 -0.6142271 0.6271254 -0.979232460
20133981 6.315000 0.1160 0.2958267 -0.6155635 0.628415 -0.979548827
20133981 6.325000 0.1158 0.2943708 =-0.6170194 0.629574 ~-0.980057850
20133981 6.335000 0.1155 0.2928205 -0.6185697 0.630731 -0.980719149
20133981 6.345000 0.1152 0.2912003 -0.6201899 0.631884 -0.981493227
—_20133981 64355000 0.1149 0.2895351 -0.6218551 0.633034 -0,982340135
20133981 6.365000 0.1146 0.2878251 ~0.6235650 0.634182 -0.983259171
20133981 6.375000 0.1143 0.2860168 -0.6253734 0.635326 -0.984334737
_20133981 _ 6.385000 0.1139 0.2841360 -0.6272542 0.636467 " -0.985525332
20133981 6.395000 0.1136 0.2821863 ., —-0.6292039 0.637604 -0.986825004
20133981 64405000 0.1132 0.2801490™ * ~0.6312411 0.638738 -0.988262475

20133981 6.415000_ = 0.1129

0,2780201  -0.6333700 0,639869 ~0.989843599




(4N

SPORT 03/15/65 SPERT 1 KNOWN RATE OF INSERTION - 17 CENTS/SECOND PAGE 15
REACTIVITY PROGRAM OUTPUT LISTING FOR CHANNEL 0

__RECORD NO. TIME POMER REACTIVITY CCMP. REACT. ENERGY. B(T)
20133981 6.425000 0.112% 0.2757573 -0.6356329 0.640995 -0.991633989
20133981 64435000, 0.1121 0.27333917 —0.6380504% 0.642118 ~0.993665293
20133981 6.445000 0.1116 0.2707398 ~=0.6406504 0.643236 -0.995979555
20133981 6.455000 0.1111 0.2679226 —0.6434676 0.644350 -0.998630114
20133981 6.4665000 0.1107 0.2669167 ~0.6464734% 0.645459 =1.001571313
20133981 6.475000 0.1101 0.2617789 ~=0.6496112 0.646563 -1.004714340
20133981 6.485000 0.1096 0.2585394 -0.6528508 0.647662 -1.008011878
20133981 £+ 495000 0.1091 0.2552213 =0.6561688 0.648755 ~1.011427596
20133981 6.505000 0.1085 0.2518418 -0.6595483 0.649843 -1.014934823
20133981 6.515000 0.1080 0.2484120 -0.6629782 0.650925 -1.018516257
20133981 6..525000 0.1074 0.2450393 ~0.6663509 0.652002 -1.022006676
20133981 6.535000 0.1069 0.2417608 -0.6696293 0.653074 -1.025349528
20133981 6.545000 0.1064 0.2385866 -0.6728036 0.654141 -1.028530240
20133981 6.555000. 0.1059 0.2355023 ~0.6758R79 0.655202 =1.031571150
20133981 6.565000 0.1054 0.2324957 -0.6788945 0.656259 ~1.034491330
20133981 6.575000 0.1050 0.2295408 -0.6818493 0.657311 -1.037330940
20133981 6.585000 0.1045 0.2266017 ~-0.6847884 0.658359. ~1.0401464831
20133981 6.595000 0.1040 0.2236445 -0.6877457 0.659401 -1.042984724
20133981 6.605000 0.1036 0.2206447 =0.6907455 0.660440 -1.045887440
20133981 4.4615000 0.1031 0.2175958 =0.6937944 0.661413 ~1.04R8621785
20133981 6.625000 0.1026 0.2144898 -0.6969004 0.662502 -1.051922575
20133981 6.635000 0.1021 0.2113333 -0.7000568 0.663525 -1.055056572
20133981 6.545000 0.1017 0.2081374 —0.7032528 0.664544% —1.058248058
20133981 6.555000 0.1012 0.2049259 -0.7064643 0.665559 -1.061460808
20133981 6.665000 0.1007 0.2017374 -0.7096528 0.666568 -1.064636886
20133981 6..675000. 0..1002 0.1986333 ~0.71275648 0.667513 ~1.067684457
20133981 6.5685000 0.0998 0.1956193 ~0.7157709 0.668573 -1.070595428
20133981 6.595000 0.0994 0.1926901 -0.7187001 0.669568 -1.073378101
20133981 6.705000. 0.0989 0.1898345 —0,7215556 0.670560 ~-1.076049581
20133981 6.715000 0.0985 0.1870156 ~0.7243745 0.671547 -1.078665391
20133981 6.725000 0.0981 0.1842046 -0.7271856 0.672530 -1.081268534
20133981 £.735000 0.0977 0.1813745 =0.7300157 0.673509. -1.083899185
20133981 6.745000 0.0973 0.1785040 -0.7328862 0.674483 -1.086588785
20133981 6.755000 0.0968 0.1755825 -0.7358077 0.675454 -1.089352891
20133981 6765000 0.0964 0.1726165 -0.7387737 0.676420 -1.092181817
20133981 6. 775000 0.0960 0.1696506 -0.7417396 0.677382 -1.095009461
20133981 6.785000 0.0956 0.16466804 -0.7447097 0.678340 -1.097842127
20133981 64795000 0.0951 0.1637146 ~0.7476755 0.679293 -1.100667253
20133981 6.B805000 0.0947 0.1607786 -0.7506116 0.680242 -1.103447512
20133981 6.815000 0.0943 0.1579492 -0.7534410 0.681187 -1.106070086

20133981 6.825000 0.0939 001552351 ~0.7561551 0.682129 ~1.108522698
20133981 6.835000 0.0936 0.1526133 -0.7587768 0.683066 -1.110839590
20133981 6.845000 0.0932 0.1500721 -0.7613180 0.684000 -1.113038331
20133981 64855000 0.0928 0.1476081 =0.7637821 0.684930 -1.115124300
20133981 6.865000 0.0925 0.1452260 -0.7661641 0.685857 -1.117090821
20133981 6.875000 0.0922 0.1429542 -0.7684360 0.686780 -1.118897036

- 201334981 6.885000 0.0918 0.1407841 =0.7706061 0.687700 -1.120555833
20133981 6.895000 0.0915 0.1387212 ~0.7726689 0.688617 -1.122059435
20133981 6.905000 0.0912 0.1367837 ~0.7746065 0.689531 -1.123382241
201334981 £.915000 0.0910 0.1350035 =0.7763861 0.690442 ~1.124478266
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SPORT 03/15/65 SPERT | KNOWN RATE OF INSERTION - 17 CENTS/SECOND PAGE 16
REACTIVITY PROGRAM QUTPUT LISTING FOR CHANNEL 0
RECORD NO. TIME POWER REACTIVITY COMP. REACT. ENERGY 8(T)
20133981 6.925000 0.0907 0.1333441 -0.7780460 0.691350 -1.12540088¢
e 20133981 6.935000. 0.0905 0.1318141 ~0.7795760 0.692256 ~1.126138404
20133981 6.945000 0.0902 0.1304235 -0.7809667 0.693159 =1.12667670¢
20133981 6.955000 0.0900 0.1291836 -0.7822066 0.694061 -1.12700001¢
20133981 6.965000 0.0898 0.1280718 -0,.7833183 0.694960 -1.127141401
20133981 6.975000 0.0896 0.1269866 ~0.7844026 0.695857 =1.12724748=
20133981 6.985000 0.089¢ 0.1259115 =0.7854786 0.696753 -1.12734179:z
.—.20133981 ______6.995000 0.0892 0.1248348 ~0.7865553 0.697646 - ~1.127441332
20133981 7.005000 0.0891 0.1237485 -0.7876417 0.698538 -1.12755751¢
20133981 7.015000 0.0889 0.1226475 -0.7887427 0.699428 ~1.12769737¢
—--20133981_.. 71.025000 0.0887 0.1214596 -0.7899305 0.700315 ~1.12796405C
20133981 7.035000 0.0885 0.1201900 =0.7912002 0.701201 ~1.12834999C
20133981 7.045000 0,0883 0.1188458 ~0.7925443 0.702085 -1.12884444C
20133981 7.055000 0.0880 0,1174340 -0,7939562 0.702966 ~14129437402
20133981 7.065000 0.0878 0.1159522 -0.7954380 0.703845 -1.13013182¢
20133981 7.075000 0.0876 0.1144246 =0.7969655 0.704722 -1.13089303%
e . 20133981 1..385000 0.0874 0.1128635 ~=0.7985266 0.705597 -1.13170361¢%
20133981 7.095000 0.0871 0.1112750 -0.8001152 0.706469 -1.13255468C
20133981 7.105000 0.0869 © 01096542 -0.8017360 0.707339 -1.133453041
20133981 _ . 7..115000. 0.0866. 0.1079789 -0.8034113 0.708207 =1,13442997¢
20133981 7.125000 0.086¢4 0.1062924 -0.8050977 0.709072 -1.135424032
20133981 7.135000 0.0862 0.1045879 -0.8068023 0.709935 -1.13644501¢
20133981 1..145000 0.0859 0.1028754 ~0.8085148 0.710796 =1.13747863¢
20133981 7.155000 0.0857 0.1011608 - —0.8102294 0.711654 -1.13851654%
20133981 7.165000 0.085% 0.0994373 -0.8119529 0.712509 -1.139568314
20133981 1.175000 0.0852 0.0977462 -0.81364%440 0.713362 -1.14057593¢C
20133981 7.185000 0.0850 0.0961007 -0.8152895 0.714213 ~1.14152106€
20133981 7.195000 0.0847 0.0945068 -0.8168833 0.715062 -1.142395347%
20133981 7.205000 0.0845 0.0929628 ~0.8184274 0.715908 -1.14320163¢
20133981 7.215000 0.0843 0.0915783 -0.8198119 0.716752 -1.14378660¢
20133981 7.225000 0.0841 0.0901943 -0.8211959 0.717595 ~1.14437297C
..——-20133981 7.235000 0.0839 0.0888133 -0.8225768 0,718435. =1.1446956887
20133981 7.245000 0.0837 0.0874391 -0.8239511 0.719273 ~1.14553342¢
20133981 7.255000 0.0835 0.0860610 -0.8253291 0.720109 ~1.14611713¢
e 20133981 1.265000 0.0833 0.0846735 =0.8267167 0.720943 -1.14671596¢

CALCULATIONS REQUIRED

0 MIN 28.1 SEC

" TOTAL PROBLEM TIME WAS

1 MIN 38.5 SEC
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Fig. 30 REACTIVITY calculations’ on power data with a known rate of compensated reactivity
insertion. Lo ' .

4., CHECKOUT OF FREQUENCY RESPONSE

Because of the nature of the calculations made in the FREQUENCY
RESPONSE program, 'a rather detailed error analysis and checkout was
necessary. This analysis is presented in -Section II, page - 3.
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Vil. OPERATING TIME

In this section, some estimates are given of the time required to select,
prepare and process SPORT input data.

1. DATA SELECTION AND CONVERSION

The time required for BCD-to-binary conversion and normalization of
one Spert 1-3 data card is on the order of 200 milliseconds, The time required
to prepare other types of card data is generally less, Type 5 or “tape” data
is already in binary form. However, approximately 300 milliseconds (729 tape
drive) are required for each data record that must be passed over in order to
reach the first data record used in the problem.

2., THE SMOOTH PROGRAM

Approximately 50 milliseconds per output point are required to smooth
even time increment data on 25 points and obtain an output listing. Smoothing
the same data on 99 points would require about 95 milliseconds per output
point. A time saving of about 50 percent may be realized by deleting the output
listing. Smoothing data separated by unequal time increments requires that an
additional 10 to 30 percent be added to the estimates given above.

3. THE REACTIVITY PROGRAM

REACTIVITY calculations using 6 delayed neutron groups require about
50 milliseconds per point. Fifteen-group calculations require about 55 milli-
seconds per point. '

4, THE FREQUENCY RESPONSE PROGRAM

FREQUENCY RESPONSE calculations require about 3 milliseconds per
input point per frequency. In other words, a transient response of 2000 points
may be analyzed at 100 separate frequencies in approximately 10 minutes.

5. PLOTS

Approximately 10 to 15 seconds of computer time are required to generate
a standard-size 10- by 7-inch plot. Increasing the size of the plot to 30 by 26
inches nearly doubles the required computer time. CALCOMP plotter time for
a 10- by 7-inch plot is about 2 minutes and for a 30~ by 26~-inch plot is about
10 minutes. :
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APPENDIX A -——- PROOF OF THEOREMS USED IN SECTION i

THEOREM I: If f(t) is a real-valued function such that f(t) = f(t, - t) for

0 =t=t, and zero elsewhere and if

oG

Flw) =/ f(t) T

0

(A-1)

then, for w = Sz%n_-_lm (m an integer), the real part of F(w) is zero; and for
n ‘

imw, the imaginary part of F(w) is zero.
n

Proof: Since f(t) = 0 for t >t,,
® t

Flw) = / £(t) e lwt dt = / ? £(t) e 19 g

(¢] (¢]

Furthermore, if f(t) = f(t, - t) for O<t<tp,

3t t
-iwt ~iwt
Flw) = £(t) e at + J £(t - t) e at

o 1t
_ 2"n

and with the change of variables t' =ty -t ,

1 1
2tn Wt . 'étn
- - > |
Flw) = f(t) e T e+ e lwtn/ £(t1) Jlut 4t
o o
Now if
c(w) =/ £(t) e ¥ at
o)

Equation (A-4) may be written as

F(w) = 6(w) + ¢ 1 Glw)

where G(w) is the complex conjugate of G(w).
Now if w = (2m-—l)7r/‘cn s ‘

miwty
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(A-3)

(A¥4)‘

(A-5)

(A-6)

(A=7)



and

Fw) = 2 1 Imag [G{w)] . (A-8)
Consequently, the real part of F(w) is zero. .

Similarly, if w= 2m1T/tn,

e.—lwtn

=] (A -9)
and . '
F(w) = 2 Real [G(w)] (A-10)

and the imaginary part of F(w) is zero.

Lemma I: If F(w) and F*(w) are'complex tunctions with phase angles ¢ and
o*, respectively, then

w) - pa(u)

lsin (¢ - o%)] f‘bl(

()] (A-ID
Proof: Let F(w) = F = R + 1 I and F*(w) = F* = R* + 1 I*.
1
[F - mx| {(R-R*)ef (1-1*)2}2 :
. i (A-12)
| 3
7| {|F|2 + (3*2 + 1*2) - 2(RR* + II*)} |
T T (A=)
_ {sl%e (2 + 2) (e + 1000 + (e o 10002 - (e + 12002
A LG
(4 2) (02 1 pP) )
+ AR (A-14)
{[IFIa - (RR* + II¥)]~ + R°T*° . ORR¥IT* +R*212} _ A-15
T 1] (B
{[ |F|2 (Rﬁ* + II*)]Q' + (R¥I I*R)e}%
G (A-16)
> LECEE L - Jsin (0 - 0x)] . (A-17)
THEOREM II: Let ‘
Fw) =/ £(t) e T g¢ . (A-18)
(e}
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£*%(t) = £(t) for 0< t < t, (A-19)
and
£%(t) = £(t ) for t> ¢ (A-20)
then
Flw) - F*(w) = /t [£(t) - (¢ )] et (A-21)
n
Proof:
- t
—iwt n —iwt
Flw) - P(w) = / £(t) e at -/ £(t) e at
(o] (0]
_ f (1 ) e 19t gt (A-22)
t n
n
= / £(t) e 1Y at - / £t ) e T at (A-23)
t t n :
n n
-iwt | :
=/t [£(t) - £(t )] e it . (A-21)
n
Corollary 1:
[P(w) - F¥(w)| < / () - £(t )| at . (A-25)
tn
Proof:
[F(w) - P(w)| = l/ [£(t) - f(tn)] e U g4l
t |
S/ l2(t) - £(t )] |e 19 g (A-26)
£ n
n
= ft [£(e) - 2t ) av . (A-2T7)

n
(Proof of the inequality is given in standard texts [5].)
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Corollary 2: If ¢(w) and ¢*(w) are the phase angles of F(w) and F*(w),

respectively, then
/ le(t) - £(t )| at
t n
n

Isin (o - o¥)['< T . (A-28)

Proof: This is an obvious result of Lemma 1 and Corollary 1.

Corollary 3: If, for t >t "

f(t } - ()
(o) - T TR ) 4 g(a)
l£(t_) = £(w)| o £
then |[M(w) - % = n__ I~ K ‘
hen | w) (w)] — , szfoE 7
> |3
+( 2 -Z-——d 2“’+' =] | (A=29)
Kk & '
Proof:
'hmf(t)-f(w) » . _
P~ ¥ = / [ — Z~'°‘ () 4 g(w) - f(tn)]e'St dtI(A 30
+ ¥
n
} f(t ) - f(°°) Z A ® e-(OlK+S)t o () ;.f(tn) 'c-stn"
t (A-31)
n
f(t ) - f(oo) st f(t ) - f(o;) -st
=| Za 5 e | - e n--l (A=32)
£(t) - £flo) £t ) - £(w) ‘
|F(w) - F*(w)] =’ n"m‘ —— Za i-iw - B — ‘ (A-33)
K K
B ;‘f(tn) - 1) \ %ZO{ ilw +%) (A-34)
KoK .
| £(t ) - £(=)] o o o\
-— ™ 2,;05}(2+w2+ i(—u-) - ZK:GK2+UJ2> (A-35)
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THEOREM III: Let

t
~ 1
F(w) = / £(t) e W 44 (A-36)
o )
and suppose
C|e(e) - £%(£)] < e for 0< t <t - (A-37)
If
€ty (A-38)
'I( -
IFqlmH e,
then .
: IF(‘T%*EwB;T(w)I <k . (A-39)
Proof: From Corollary 1 to Theorem II,
tn
IF(w) - F¥(w)] < / l£(t) - £*(t)]| dat < € - (A~40)
o
Therefore,
€t
[Pw) - F*(w)| o __m (A-41)
[F*(w)]| = TP (w)[ = ’
THEOREM IV: Let
t
n -iwt
Plw) = / (t) e at (A-42)
v o
and let ¢(w) be the phase angle of F(w). Suppose f(t) - f*(t) < e for 0 <t <tpn.If
€t
F_l)fel <k | (A-43)
then
lsin (¢ - o*¥)| <% . (A-44)
Proof: From Lemma I,
. F - ¥
jsin (o - o%)] < = (A-45)
and from Theorem III,
t
S T (A-46)
Therefore,
etn ’
i - 0% < < .
|Sln (¢ ¢ )I S -TF—‘*T S k (A-47)
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THEOREM V: Let

-t .
n .
F(w) = / £(t) e—lw'jc dt ; (Af48-)

(o]

Suppose that f(0) = f*(0) and f(t,) = f*(t,;) and suppose that on (0, t,), the ith
derivatives of f(t) and f*(t) are continuous for all i < m and that the mth de-
rivatives are sectionally continuous. If -

m
i—:ﬁ [£(t) - £%(t)] < €, on (o, tn) (A-49)
theh
el - | S 2 2 (o) - x|
IFLW)| - _ < : - [r(e) - x(e)1 | "
e =1 W e(w)| | gt 0
€m tI’l
+t — .
W ()] (A-50)
and ‘
m-1 3 &
. ! 1 d n
sin (v - ¥l <D 7 — o7 |5 @ e |
5=1 S
€ t ‘
L ' (A51) "
@ ()]
Proof:
t .
n ‘ —iwt
P(w) - P (w) = / [£(t) - £%(t)] e at . (A-52)
o]
Integrating by parts,
tn
. 1 -iwt
Flw) = P*(w) = - {[£(t) - £x(t)]} e + .
3L [e(e) - £x(t)] N L
at (10 l
amt 1 ~iwt "
- 7 [£(t) - £%(t)] e (A-53)
at™ (1w)™ o
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R m
+/ L iwt d—-m— [£(t) - £*(t)] at (A-53)
o (iw) at
m-1 tn
et 5 ) L ee(e)) —
—< 4t (ig) 971
J=1
tn
+ = / g iUt & a” [P(t) - £%(+)] at (A-54)
(iw) ™ J o dtm
then
m-1 j tn
F(0) - ()] < ) S | &5 (a(e) - 2x(e)])
3=1 w .dt o
+_/ Lm (e(e) - t%(e)]| as . (a-55)

By hypothesis,

I[f(t) - tx(e)]| < e
at” | n
and since
)l - )| < F(w) - m(w)]
-1 . t
O <%23 — & re(s) - ex(e)] |
Fw)] T W ) et 0
€ t
s_ma (A-56)
| W |Pe(w)]
Using Lemma I,
n 3 tn
sin (¥ - ¥v¥)| < — ’ A7 [£(t) - £%(t)]
~;1};'1: W re(e)] | at ' o
€ t
L m™m ] (A-5T7)
W' [F*(w)|
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APPENDIX B == LISTIMG OF THE FORTRAN ANN MAP SOIIRCE
PROGRAMS USED IN SPORT
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SFILE *FTC03.',U03,U03,BLOCK=0801,SINGLE,LRL=0800,RCT=0001
TS$ETC ‘EOR=REORX+ s EOF=REOFXo s ERR=RERRX., TYPE3

$FILE -F[coa.'.uo«,uo4.eLocx=oeol,SINGLE.LRL=o$oo.Rcr=0001

$ETC EOR=REORX. s EOF=REODFX. s ERR=RERRX ., TYPE3

$FILE YFTCO8.*,U05,U05,BLOCK=0401, SINGLELRL=0400,RCT=0001

$SETC EOR=REORX. s EOF=RENFX. , ERR=RERRX., TYPE3

SFILE *FTC09.',U06,U06,BLO0CK=0401,SINGLE,LRL=0400,RCT=0001

$ETC EOR=REORX. 4 EOF=REOFX. , ERR=RERR X4, TYPE3
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o FORTRAN ROUTINE WHICH READS THE PART AND CHANNEL CARDS, CALLS MATNOOOO
C._.. _._THE _INPUT SUBROQUTINES AND CALLS THE PROCESSING SUBROUTINES _ .. _MAINOOlO
c THROUGH SUBROUTINE SUBCNT, MAINO0020
o MAINOO30
e CDMMON DATA(2021),L0M, IFINC,IPGNO, IHED{14),DATE(2) L ___MAINQ0O040O
DIMENSION IDNO{S50},TMIN(50),TMAX(50),NCFDAT(50), TMSHF(50), MAINOOSO

1 NCFTIM(50),DTSHF(50) ,IFILNO(50),TITLE(12) MAINO060

. .EQUIVALENCE (IHED(2),TITLE) —— S e . MAINOUTO
INTEGER FRCODE,CHCODE,PART,AUTO "MAINOOSO
LOGICAL SWTCHL1 MAINO0090

. REAL_NCFT,NCFDAT ,NCFD,NCFTIM . MAINOlOO
C - MAINOL10
1A=315 MAINO120

_CALL SET(IAY . - —— e ... MAINOl30

CALL TIMX(ITM) . MAINO140

GALL TODAY(DATH) MAINO150

_IHED( 1) = =17997958192 ... MAINOlsO
IHED(14) = -17997958192 . MAINO170
IFINC=0 MAINOL180O

o I RUND=EO e e ... MAINO190.
S0 IPGNOD=1 MAINO200

c ) MAINO210
c . .. READ _*PART* CARD_ . — . . .. . MAINO220
c MAINO230
READ{S,1)PART,FRCODE, 1CODE,CHCODE, [PNLST,LCODE,AUTO,IRDP,TITLE MAINO240

ol FORMAT(311,13,2114A1911,11A6,144) MAINO250
WRITE(6,2) DATE,PART,FRCODE, ICODE,CHCODE, IPNLST,LCODE,AUTO,IRDP, MAINO260

1 TITLE MAINO270
2 FDRMAT(1H1,8H SPORT___A6,A2,27X.+45H_SYSTEM _FOR_PROCESSING REACTOR MAINO280
LTRANSIENT DATA34X,9H PAGE 1 // 16H PART CARD WAS 3I1,13,211,A1,MAINO290

2 I11,1X,1146,1A4 ) MAINO300
_IE(IFINC.EQ.0 .AND, AUTO.EQ. =-20145441840) IFINC=-0 . . MAINQ31Q
SWTCHL=CHCODE.L! .U MAINO320D
NDCHNL=IABS(CHCODE) MAINO330

e JF((PART.LT.4).0R.(ICODE.EQ.5)) GO YO 100 . __ ... .._.._.. .MAINO340
C MAINO350
CALL SUBCNT(PART,FRCODE, ICODE, IPNLST,K,DT) MAINO360

GO YO, 150 . e e e e MAINO370

(o MAIMO380
C READ CHANNEL CARDS : ’ MAINO390
.C e e .. MAINO4QO
100 DO 105 I=1,NOCHNL MAINO410
READ(5,4) IDNO(I) TMIN(I) TMAX(I) NCFTIM(I),NCFDAT(I),TMSHF(I), MAINO420
L DISHF (L), IRLNQ, IFIUNOQC) o i e MATNOQ430
4 FDORMAT(I10,6E10.84214) MAINO440
IF((TMAX(I)).EQ.-0.0) TMAX(I)=1.0E+30 MAINO4SO

e JIFUINCFTIMOI)) L EQe=0.0) NCETIM(I)=1.0 e ——__MAINQ46C
IF((NCFDAT(I)).EQ.-0.0) NCFDAT(I)=1.0 MAINO470
IF(I.EQ.1) GO TO 101 MAINO0480

e, LFUSWTCHL) TMINCID=TMAXAI-=1)_ . .. . ... .. o e ... _.MAINOD490

G0 TO 105 MAINOSO0

c MAINOS10
C CHECK _REEL _NUMBER (IF ANY) e MAIN(Q520
c MAINOS530
101 IF(ICODE.NE.S) GO TD 102 MAINO540
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IRLNMB=IRLNO : MAINOS50

e I1F(IRLNMB.EQ.Q) __GO_T0 103 MAINQS60
WRITE(6,104) IRLNMB MAINOSTO

104 FORMAT(1HO,12H REEL NUMBERIS) MAINOS580
LE(IRLNMB.EQ.ILRLND) __IRLNMB=22200000222 MAINOS90

103 ILRLNO=IRLNO MAIN0600
102 WRITE(6,3) MAINO610

3 __FORMAT(1H0,30H_CHANNEL __ FILE_NO MINIMUM,8X,8H MAXIMUM,8X,  MAIN0620

1 25H NORMALIZING COEFFICIENTS.6X,27H TIME SHIFT DATA SHIFT / MAINO630

2 29H 1D NO (IF ANY) TIME,11X,5H TIME,12X,5H TIME,11X, MAINO640
3_SH_DATA_/_) : MAIN0650.

c , MAINO660
105 WRITE(6,5) IDNO(I),IFILNOCI),TMIN(I),TMAX(I),NCFTIM{I),NCFDAT(I),MAINO6TO
o1 TMSHE(1),DTSHE(L) __ MAIN0680
S FORMAT(I11,17,3Xy3(F14.6,2X)y1PE14.T,2X+0PF14.6,2Xs1PEL4.T) MAINO690

c MAINO700
L. . _ MAIN_LOOP e _MAINO710_
c ‘ MAINO720
1A=90 MAINO730

o LEL «NOTL SWICHL) CALL SET(IA) MAINQ740
110 DO 120 I=1,NOCHNL MAINO750
1E=0 » MAINOT760

IXs=0 — - MAINO770.
IF(.NOT.SWTCHL) IE=1 MAINO780 "
IF(I1.EQ.1) [E=2#CHCODE/NOCHNL _ MAINO790

e IF (o NOT.SWTCH1 . OR. 1.EQ.NOCHNL) _IX=1 . __MAINOSOOQ
CALL GNTAPE(PART,ICODE,IEsIXs IPNLST,LCODE, IDNOCT) oK, MAINO810

1 TMINCI),TMAX(T),NCFTIM(T),NCFDAT(I),TMSHF(I),DTSHF(I), MAINO820
2 IRLNMBLIRDP,IFILNO(LY ) . ... . . ... ._.._.MAINOB30
119 IF(IX.EQ.1) CALL SUBCNT(PART,FRCODE, [CODE, IPNLST,K,TMAX(I) ) MAIN0840
120 CONTINUE : MAINO8SO

cC .. . T — e e e . MAINO860
c END OF PROBLEM : MAINO870
c MAINO88O
...150 CALL ETIMX(ITMoIEYMaRETS) ... . . __ _ . _._.._ . ._._.___ _ . MAINO890
WRITE(6,7T)IETH,RETS MAINO900

7 FORMAT(1HO0,27H TOTAL PROBLEM TIME WAS 14,5H MIN F4,1,4H SEC ) MAINO9LO,
151 .READ(5,6)NOM . e e mMALNUY20.
6 FORMAT(1A2) MAIN0930
IF(NOM.EQ. ~13216451632) GO TO 50 MAINO940

v IFINOM.NE. -13736545328)_6G0O 10 151 . _ . _ _ ... .MAINO950
c MAINO960
c END OF PROBLEM SET A MAINO970
o e s e e e . . MAIN0980.
160 IF(IFINC.EQ.0) STOP MAINO990

c MAIN1000
C.. ... INDICATE _END_OF. PLOT REEL ... .. .. ... ... .. _ ... .. ._.mMaINlOlO
c MAIN1020
CALL DRAW(0,0,0,0,04030.704+0.90e912¢90030098.90.40.4040,) MAIN1030

CALL SYMBLJ{0.0,0.040.14,19H END OF SPDRT PLOTS,90.0,19) . MAIN1040

CALL PLOT(5.04=1.0,-3) MAIN1050

c MAIN1060
C....... DISMOUNT PLOT TAPE. . e e .. ... _MAIN1OTO
c MAIN1080
CALL TYPE(1H ,1,0) MAIN1090
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CALL TYPE(1l6H THERE WEREy1640) MAIN1100
CALL TYPEN(IFINC-1) MAIN1110
CALL TYPE(19H PLOTS GENERATED,19,0) MAIN1120
CALL TYPE(1H ,1,0) " 'MAIN1130
CALL_FINI MAIN1140
SToP MAIN1150

MAIN1160
END MAIN1170
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C FORTRAN SUBROUTINE WHICH READS THE SPORT INPUT DATA (EITHER GNTPOCOC
c DIRECTLY OR BY CALLING SUBRQUTINES SPERT1,DAT650 OR TREAD) GNTPGO10
C._____ AND PERFORMS THE DATA PREPARATION INDICATED CN THE PART AND . ___ GNTP0OC20
c CHANNEL CARDS. GNTPOC30
o GNTPO040
oo SUBROUTINE _GNTAPE(PART,[CODEy IE s IXy IPNLST,oLCCOESID K TMN,TMX, ___ GNTPO050

1 NCFT,NCFD,TSHFT,CSHFT, IRLNM8, [ROP,IFILNO )} GNTP0060

o ' GNTP0O70
} . COMMON DATA(2021),L0M,s IFINC,IPGNQ,HEAD(14) GNTPOCBC
DIMENSTON X(8),A(7)4B(7),FMT(14),C(6C0),D(B0C),ISTCR(BOO),SCT(2),GNTPOOIO

1 SCD(2) GNIPULUU

e INTEGER PART et e e e e = GNTPOLLQ
REAL NCFT,NCFD GNTPO120
LOGICAL SWTCHL,SWTCH2,SWTCH3, SWTCH4,SWTCH5,SKTCH6,SWTCHT7,SWTCH8 GNTP0O130

e EQUIVALENCE (DATA(19)sND¢X)s(DATA(20),T0,A),(DATAL21),0T), - GNTPOl40
1 (DATA(27),0,ISTOR) 4 (KR4K2) 4 {JFILNO,SWTCH6) i {CATA{17),IRECNGC) GNTPO150

c GNTP0160
e . SHTCHB=TABS(IE) e€Qe2 . . GNTPO170Q.
IF(IE.EQ.0) GO TO 6400 GNTPO180

CALL TIMX(ITL) GNTP0190

oo REWIND 4 __ e OO 1, Lo P2 ] ()
SCD(1)=+1.0E+30 GNTP0210
SCD(2)=-1.0€E+30 GNTP0220

e IF{aNOT.SWTCHB8) GO 10 6400, ... . ___ . ____ . __. - GNTPO0230Q
IBLANK = —17997958192 GNTP0240
SWICHT7=1CODE.NE.5 v GNTP0250

e SWTCH4=LCODE.EQ.O0.. __ ... . ... .. . . ... GNTPO260
SWTCHS=IRDP.NE.O GNTPO270

6400 IF(.NOT.SWTCH7) GO TO 500 GNTP0280
RO e s e e - .ONTP0290
C CARD SECTION \ GNTP0300
c GNTP0310
e . AFI1E.EQ.O0) GO TQ 449 . _ . __  _ il e ... .. BNTPO320
SWTCH1=.FALSE. GNTPO0330

K3=0 GNTP0340

e KBE=L et e e e e e e . GNTP0350Q
1EQF=0 GNTP0360
TF(IF.EQ.1) GO TO 440 GNTPO0370

- 1F(ICODE.EQ.4)_  READ(S5,3) NOCHNL,FMT wemir .. ...GNTPO38Q

3 FORMAT(11,13A641A1) GNTP0390
KS=-7 : GNTP0400

— REWIND 3 e e e e e o e . GNTPO410
c GNTPQ420
c PREPARE RINARY DATA TAPE- ALL CHANNELS GNTP0430
L e e e e vieiimn --...GNTPO440
30 GO T0(100,200,30C,400),1CODE GNTP0450
100 CALL SPRT13(X) GNTP 0460
. _IF(LQM.EQ,1) GO YO 100 . . . _.__ ... . e em e i e . GNI P OQTQ
GO TO 470 GNTP0480

200 READ(SyLINDy{A(J)4B(I)yd=1,7) GNTP0490
.ee—.l. .FORMAT{I110s7(F8.8,A2))_. ___._ .. . . . - .~ . . .. GNTPOS500
_ GO To 310 GNTPOS10
300 READ(5,2INDyNDL»{A(J)4B(J)4J=1,T) GNTP0S520
.2.. FORMAT(19,A1,7(F8.8,42)) . _ ... .. . .. - e wiemme— . GNTPOS530
CALL ID650(ND,NDL) GNTP0540
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SO0

310
400
470

440
448

450

OO,

601

4602

449.
451

460

sUZ

o0OcC

e aNel

500

501

_READ(S5,FMTINDA(1) s (ALJ+1) 4J=1,NOCHNL)

_ PREPARE NORMALZED DATA TAPE- CHANNEL *ID!_

IF(KS.EQ.801) GC TO 448 e . .-

. IF(SWTCH1l) GO TG 449 .

IF(IE.NE.-2) GO TO 4602

CWRITE(4) LDyNID,DELT

CALL DAT6S50(A,B,7)

GO0 TO 470

KS=KS+8
ISTOR{KS)=ND
D(KS+1)=X(2)
D(KS+2)=X(3)
D(KS+3)=X(4)
D{KS+4)=X(5)
D(KS+5)=X1{6)
D(KS+6)=X{T)
DIKS+7)=X(8) . . .
IF({KS.LT,793).AND. (ND.NE.O)) GO TO 30
KS=-17

_WRITE(3) D

IF(ND.NE.O) GO TO 30

REWIND 3
KS=-7 . ...
READ(3) D
KS=KS$+8

LO=ISTOR(KS)
[F(LD.EQ.O) GO 7O 522
ASSEMBLE PARAMETERS FOR FIRST RECORD

SWTCH1=.TRUE.
NID=1D

NID=0 .
DELT=(D{(794)-D(2))/99.0

GO TO 4010

T=D(KS+1)eNCFT+TSHFT
IF(T.LT.TMN) GO TO 450
IF(T.GE.TMX) GO TO 522
[KS=KS+1+1D )
VALUE=D(IKS )aNCFC+DSHFT
GU U 5b6b

DIGITAL TAPE SECTION

IF(.NOT.SWTCH8) GQ TO 502
[F{IRLNMB,.EQ.222C0000222) GO TO 4005

MOUNT DATA TAPE
CALL 1YPE{L1H ,1,0)

IF(IRLNMB.NE.O) GO TO 4501
CALL TYPE(22H MOUNT REEL CUNTAINING,22,0)
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GNTP0550
GNTPO560
_GNTPO570.
GNTPOS8C
GNTP0590
GNT P0600
GNTP0610
GNTP0620
_GNTP0630
GNTP0640
GNTP0650
GNTPO660.
GNTPOETO
GNTPNAAN
HNTPOASA.
GNTP0700
GNTPOT10
GNTPO720
GNTPOT30

GNTPO740
_. . .GNTPO75Q
GNTPOT60
GNTPOT70

. GNTPO780

GNTPO790
GNTP080OO

.- GNIPO8B1G
GNTP0820
GNTP0830
.-.—.GNTP084Q
GNTPQ850
GNIPUBSO
-...GNIPOETO.
GNTP0880
GNTPOAQQ
...GNTPOS00
GNTPO910
GNIPUY2U
GNTPOS30.
GNTP0940
GNTP0950

.. GNTPOS60

GNTPOS70
GNTP0980
.GNTP0990Q.
GNTP1000
GNTP1010
... GNTP1020
GNTP1030
GNTP1040
GNTP1050
GNTP1060
GNTP1070
GNTP10BO
GNTP1090



CALL TYPE(16H DATA RECORD,16,0) GNTP1100

KD=1ID GNTP1110

GO _T0_4502 . e ; GNTP1120

4501 CALL TYPE(L15H MOUNT REEL,15,0) GNTP1130
KD=IRLNMB GNTP1140

4802 CALL TYPEN(KD) _— o _  GNTP1150.
CALL TYPE(1l4H ON T,Cy641440) GNTP1160

CALL TYPE(1H 4,1,0) GNTP1170

CALL TIMX(ITM) e GNTP1180

CALL TYPLC (2411 PREES START TO CONTINUE, ?A.ll GNTPL1190

CALL ETIMX(ITM,IETM,RETS) GNTP1200

o WRITE(6,4000) IETM,RETS GNTP1210.
4000 FORMAT(1HO,27H DATA TAPE MOUNTING TIME - 14,5H MIN Fé4.l,4H SEC GNTP1220
c GNTP1230
4005 REWIND 10 o - GNTP1240
NTCT=1 GNTP1250

G0 TO 1502 GNTP1260

( B GNTP1270Q_
502 CALL BACK(NTCT,0) GNTP1280
NTCT=0 GNTP1290

1502 IF(IE.EQ.0) GO .T10.503 ___ . I - e __._GNTP1300.
c GNTP1310
c ASSEMBLE PARAMETERS FOR FIRST RECORD GNTP1320
c _ e e e e e ot e ___GNTP1330
LD=1D GNTP1340
NID=(LD/1000)#10CO GNTP1350

e EFUTES€Qe=2) _LO=NID . L L — .GNTP 1360
NID=LD-NID GNTPL13TO

4010 CALL HEADER GNTP1380
e IF(IPNLST.EQ.Q) GO TO 2503, . GNTP1390
IF({IE.EQ.~-2) GO TD 2502 GNTP1400
IF(NID.EQ.O) NID=1 GNTP1410

.. _WRITE(6,4) LD,NID . . . . GNTP1420

4 FORMAT(1HOs41X,26HNORMALIZED DATA RECORD NOI11,9H CHANNELI4 / JGNTP1430

GO TO 3502 GNTP1440

. 2502 WRITE(6,12) LD | L N GNTP1450
12 FORMAT(1HO,48X,2 THNDRMALIZED COMPOSITE DATA 110 7 ) GNTP1460 .
3502 1HUIPNLST.BQ.2)  PUNCH 8,LD GNTRIGTN
.8, _FURMAT(5X,27THNORMALIZED DATA RECORD NO [10,10H_CHANNEL I3 ) GNTP1480Q
IF(.NOT.SWTCH4) WRITE(6,7) GNTP1490

7 FORMAT(1H ,49X,35H LN(DATA) TAKEN IN INPUT SUBROUTINE / ) GNTPL500
2503 _IF(SWTCHT) GO TO 449 GNTP1510
K3=0 GNTP1520

K2==1 GNTP1530
o . GNTP1540
o GNTP1550
(o FIND RECORD WITH ID=ND GNTP1560
c. ... . U GNTPLST0
503 JFILNO=IFILNO GNTP1580
3503 CALL TREAD(IEOF) GNTP1590
IF(IEOF.NE.O) GO TO 522 GNTP1600
IF{.NOT.SWTCH8) NTCT=NTCT+1 GNTP1l610
IF(.NOT.SWTCH6 .AND. IRECNO.NE.IFILNC) GO TC 3503 GNTP1620

.. IFUID.EQ.ND) GO TO 3504 . . . ... . GNTP1630
IF(SWTICH6) GO TO 3503 GNTP1640
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OO0

WRITE{(6,3505) IFILNO,ND,ID ‘ ' GNTP1650

[aNaNel

3505 FORMAT(1HO,16H ID NO OF RECORDI4 ,S5H WAS I1C,6H, NOT I1C ) GNTP1660
GO TO 522 o GNTP1670
GNTP1680

3504 ODELT=DT#NCFT GNTP1690
IF(IE.NE.O) WRITE(4) LD,NIDyDELT GNTP1700
GNTP1710

S04 TO2=TO*NCFT+TSHFT - GNTP1720
_ i GNTP1730
PROCESS CURRENT RECORD GNTP1740
GNTP1750

DO 526 J=22,2021 GNTP1760
T=FLOAT{J=22)*DELT+TQ2 GNTP1770
[FIT.LT.TMN) GO TO %26 GNTP1780
IC(TLLT.THMX) 60 TO 830 GNTP1L790

' GNTP1800

PROCESS FINAL RECORD GNTP1810

o o . GNTP1820
522 IF(IX.EQ.0) RETURN GNTP1830
TMX=DELT GNTP1840
K=K3#300+({K2+1)/2 GNTP1850
KK2=K2+2 GNTP1860
C(KK2)=1.0E+30 GNTP1870
C(KK2+1)=0.0 GNTP1880
IF(K.EQ.0) GO TO 576 . GNTP1890
IF(SWTCHS .AND. K3.EQ.0) SCT(1)=C(1) GNTPL1900
[F(IPNLST.EQ.O0) GO TO 535 GNTP1610
GNTP1920

PRINT FINAL PAGE GNTP1930
GNTP1940

705 IF(K2.FQ.-1) GO TO 5590 GNTRL950
KT=K2/100+1 ; GNTP1960

GO T0(536,537,538,539,540,541),KT GNTP1970

536 WRITE(641T)ICLL)4CU2)4(CUI+2),C(I143),1=1,K2,2) GNTP1980
17 FORMAT(1X,0PFl0.6,1X,1PEL10,3) GNTP1990
G0N TN S35 GNTP2000

537 WRITE(6,1B){CITI=G8)CUlI-97)sC{I+2)+C(I1+3).1=69,K2,2) GNTP2010
18 FORMAT(2(1Xs0PF10.641X,1PEL10.3)}) , GNTP2020
WRITE(6,17)(C(I-96),C(1-95)y1=K24195,2) GNTP2030

GL TO 535 GNTP 2040

538 WRITE(6,19)1(C(I-198),C(1-197),C(1-98),C(1-97),C(1+2),C(1+3), ~ GNTP2050
1 1=199,K2,2) ) GNTP2060

19 FORMAT(3(1X,0PF1C.641X,1PE10.3)}) ~ GNTP2070
WRITE(6,18)(CII-196)4C(1-195):C{1-96),C(I1-95),1=K2,295,2) GNTP2080

GO TO 535 ] GNTP2090

539 WRITE(6,20)(C{I-298),C(1-297),C({I-198),C(1-1G7),C(1-98),C(1-97), GNTP2100
1 CUI+2),C(143),1=299,K2,2) GNTP2110

20 FORMAT(4(1X430PF10.641%X,1PEL10.3)) GNTP2120
WRITE(6,19)(C(1-296),C{1-295),C(1-196),C(1~-195),C(I-96),C(I-95), GNTP2130

1 1=K2,395,2) ) GNTP2140

GO TO 535 GNTP2150

5640 WRITE(6421)(C(I-398),C(1-397),C(1-298),C{1-297),C(1-198), GNTP2160
1 CUI-197),C(I1-98),C({I-97),C(1+42),C(I143),1=399,K2,2) GNTP2170

21 FORMAT(S5(1X,0PF10.6,1X,1PE10.3)) GNTP2180
WRITE(6,20)(C(1-396),C(1-395),C(1-296),C(1-265),C(I-196), GNTP2190
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1 ClI-195),C(I-96),C(1-95),1=K2,495,2) GNTP2200

GO TO 535 GNTP2210

541 WRITE(6,10)(C(I-498),C(1-497),C([=398),C(I-357),C(1-298), __ __GNTP2220
T C(I-297)5CUI-1981,C(1-197),C(1-981+CLI-9T)sCL1+2) CLI+3) s GNTP2230

2 1=499,K2,2) GNTP2240
10 FORMAT(611X,0PF10.6,1X,1PELQ.3)) GNTP2250
WRITE(6421)(C(1-496),C(1-495),C(1-39€),C(1-395),C(1-296), GNTP2260

1 C{I-295)4C(I-196),C(I-195)4ClI=96),C(1-95)31=K24595,2) GNTP2270
GO_T0 535 GNTP2280

990 WRITE(6.17)C{1),C(2) GNTP2290
GO TO 535 GNT 2300
576 1F(1EOF.EQ.0) WRITE(6,22) GNTP2310.
22 FORMAT(1HO,27H NG DATA IN RANGE SPECIFIED ) GNTP2320
IF(IEOF.NE.O) WRITE(4) LD,NID,DELT GNTP2330

535 |F(IENF.NE.O) WRITE(6,13) GNTP2340
13 FORMAT(1HO0,42H END-OF-FILE MARK ENCOUNTERED CN DATA TAPE ) GNTP2350
WRITE(4) C GNTP2360

—  JF(IPNLST.NE.2)__GO_TO_3001 GNTP2370
PUNCH 69 (LDsClI),CUI+1),ClI+1),1=1,K2,2) GNTP2380

6 FORMAT(110,5X,0PF12.6,5X,1PEL4.745X,GPF20.8) GNTP2390
~3001 __CALL._ETIMX(ITL,IPREPM,RPREPS) __ R _GNTP2400
IF(SWTCHS) GO TO 3005 GNTP2410
WRITE(6,3003) IPREPM,RPREPS GNTP2420

_3003 __FORMAT(1HO0,27H DATA PREPARATION REQUIRED_14,5H MIN_F4.1,4H SECA1,GNTP243Q
L 22HAND DATA PLOT REQUIREDI3,5H MIN F4.l,4H SEC ) GNTP2440
RETURN GNTP2450

c - S VU _..GNTP2460
C COMPUTE DATA VALUE AND STORE IN ARRAY *C* GNTP2470
c GNTP2480
530  VALUE=NATA(J)sNCFD+DSHFY _ _ .. o GNTP2490
566 IF(SWTCH4) GO TO 531 GNTP2500
IF(VALUE.LE.0.0) GO TG 525 GNTP2510

- .VALUE=ALOGIVALVE) __ __ .. .. GNTP2520
531 K2=K2+2 GNTP2530
CiK2)=T GNTP2540
_C(K2+1)=VALUE _ _____ e e e e e e GNTP2550.
IF(K2.LT.599) GC TO 525 GNTP2560
WRITE(4) C GNTP2570

.. K3=K3+] R, e ...GNTP2580Q
K2=-1 GNTP2590
IF(SWTCHS.AND.K3.EQ.1) SCT(1)=C(1) GNTP2600

- e JFLSWICHS) CALL MAXMIN(SCDsC,2+600,2)__ S GNTP2610
IF(IPNLST.EQ.0) GO TO 525 GNTP2620
WRITE(6,10)(C(1),C{I+1),C(I+100),C(14101),C(I+200),C(1+201), GNTP2630

.1 CUI+300)+C(T1+301),C14400),C(I1+401),C(1+45C0),C(1+4501),1=1,99,2) _GNIP2640
CALL HEADER GNTP2650
WRITE(6,4) LD,NID GNTP2660
IF(IPNLST.NE.2) GO TO 525 __ _ .. S GNTIP2670
TPUNCH 6, (LDyC(I),CT+11,C0I+1)41=1,599,2) GNTP2680

525 IF(SWTCH7) GO TC 450 CNTP2690
526 CONTINUE. . e e ... ... . ....GNTP2700

c GNTP2710
c CHECK NEXT RECORD GNTP2720
c e e e e e e = e e~ ...GNTP2730
CALL TREAD(IEQF) GNTP2740



[aNeXgl

[ ¥ 2Kn)

3005

1923

—

IF(1EOF.NE.O)
NTCT=NTCT+1
IF(ND.NE.ID)
DELT=DT#NCFT

IF{ INT( (T+DELT-TSHFT-TO#NCFT)#1.0E+6 )

GO TO 504

GC TO 522

GG To 522

DATA PLOT SECTION

IF(K.EQ.0) GO TG 1923

SCT(2)=C(599)
IF{K2.NE.~1)
REWIND &

DRAW PLOT

IPPR=IRDP

SCT({2)=C(K2)

IF(.NOT.SWTCH4) IPPR=IPPR+2
CALL DRAW(O,1,1PPR,K;3C0y2,+TRUE.,C,SCT,SCO,
10.0,TMIN,DTM,7.C,DMIN,DDAT,

HEAD, 20H

CATA VALUE

CALL ETIMX(ITL,IPLTM,RPLTS)
IPREPM,RPREPS, IBLANK,IPLTM,RPLTS

WRITE(643003)
RETURN

_END

)
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«NE.O )

GO TO 522

GNTP2750
GNTP2760
GNTP2770
GNTP2780
GNTP2790
GNTP2800
GNTP2810
GNTP2820
GNTP2830
GNTP2840C
GNTP2850
GNTP2860
GNTP2€T0
GNIPZEBU
GNTP2890
GNTP2500
GNTP2910
GNTP2620
GNTP2530
GNTP2540
GNTP2550
GNTP2560
GNTP2970
GNTP2980
GNTP2590
GNTP3C00
GNTP3C10
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o

.CESSING PROGRAMS{SMOOTH,REACTIVITY AND FREQUENCY RESPONSE) ARE

FORTRAN SUBROUTINE WHICH CONTROLS THE ORCER IN WHICH THE PRO-

" CALLED.

100

120
150

190

600

500

400

SUBROUTINE SUBCNT(PART,FRCODE, ICODE, IPNLST,K,0T )

COMMON DATA(2021),L0OM,IFINC,IPGNO,IHEAD(14),0ATE(2)

INTEGER PART,FRCADE__

IF(PART.EQ.0) RETURN

.60.701100,100,100,400+500),PART

SBCTOCOO
SBCT0010
SBCT0020
SBCT0030
SBCT0040

"TTSBLT0O050

SBCT0060
SBCT0070

CALL SMOOTH{(PART,ICNDE,K,DT)
IF(LOM.EQ.1) K=0
GO TO{600,150,190),PART
CALL REACT(K,DT,FRCNOE)

1F (FRCODE.EQ.0) GO TO 600 _
CALL FREQ(PART,ICODE.K,DT)
RETURN

IF(ICODE.EQ.5) GO TO 190

CALL INPUT(PART,ICODE,KsDT,IPNLST)
IF(K.EQ.0) RETURN
IF(PART.EQ.4) GO TO 150
G0 T0 190

END
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SBCT0080
SBCT0090
SBCTOL00
SRCT0120
SBCT0130

T SBCT0140

SBCTO150
SBCT0160

TTTSBCTO0170

SBCT0180
SBCT0190
T SBCT0260
SBCT0210
SBC 10220 .

TTTRBCT0230°

SBCT0240
SBCT0250

TSBCT0260



a*e
» 8

L2 4

X4
ENDFIL

TBUFF

DATA

CLaA |

. STOs _

ISX

I0ORBS
PLE
CAL . ..
TZE

LAC
STO»
AXT
TRAs
LAC
CLA

TRA
PZE
CONTRL .
USE
B8SS

USE
. LITER

EXTCRN
EXTERN
EXTERN
END

TREDOGOO

140

\e G A CAZIER - TREDQQG10
TREDOG20
TREAD TREDOO30
e e e e e e = —-. TREDOQ4O.
‘»e TREDOOSO
X4y 4 TREDOGC60
S.100P,4 . oo ——_TREDQOT0.
TBUFF TRED00SO
S.SU07 TREDOO90
SeSSCH . - TREDO100.
ENDFIL . TREDO110
TREAD, 4 TREDOL20
. e TJREQOQ120.
TRFNAN1AND
.., 4 TREDO150
. TREAD . ... ——JREDQ160_
TREAD 4 TREDO170
=07 TREDO180
298 e e e ... ..JREDO190.
X4 " TREDO200
DATA,,2021 TREDO210
/7 L e o . R TREDQ220.
/7 TRED0230
2021 TREDO0240
PREVIQUS TREDO250
ALS
5455C11 __ GCNERATED _ . 3 . - o
S.SU07 GENERATER
S. 100P GENERATED
TREDO260



* e
-

*n

B8ACK

SAVa

SPAC

MAP SUBROUTINE USED TO POSITION INPUT CATA TAPE. _ G A CAZIER

ENTRY

PZE
SXA
LAC
CLAs
STA
CLAw
ALS
STD
TSX
[0SKP
PLE
AXT
TRA»
MZE
EXTERN
EXTERN
END

BACK

*n

SAV4,4 4

BACK, 4

2¢4

sPAC

3y4

18

SPAC

S.100P,4

SPAC

S.SU07

LT WA

BACK

iy 00
S.SU07
S.100P

GENERATED
GENERATED
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BACKOCOO
_ BACKOC10
BACK0020
BACK0030

BACKOC40

BACKOCS50
BACKOC 60

BACK0080
BACKO0090

BACKO110
BACKO120

. BACKOGTO.

.. BACKO100

_BACKO0130_

BACK0140
BACKO0150

BACKO170
BACKOl80

... BACKO160

BACKO0190



KA 4

TYPEQOOOQOO

=%~ MAP SUBROUTINE USED TO PRINT CONSOLE MESSAGES. K R DICKEY TYPEOO10
'Y TYPEOO20
ENTRY .~ TYPE - . TYPEOO30
o TYPECD40
TYPE P2E -n TYPEOOS0
SXA NOPAUS, 4 TYPEOOQ6O
TAC T TYPE G T  ——— TYPED070
cLa 2+4 B HOLL ADRESS IN AC TYPEQOSO
STA SEQUEN TYPEOOQ90
CLA» 3,4 COUNT TYPEO100
ALS 18 TYPEO110
STD SEQUEN TYPEOL120
T TS T T SAXPRT & TYPEO130Q
SUQULN PZC ww, ,w® TYPEO140
LAC TYPCy & TYPEO150
CLAs bel TYPEO160"
TZE NOPAUS TYPEOYT0
TSX S.XPSEL4 TYPEOL180
NOPAUS AXY ° .2, 4 T TYPEO190
TRAS TYPE -TYPEO200

EXTERN S« XPRT _GENERATED

EXTERN S.XPSE GENERATED

END

TYPEO210
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FORTRAN SUBROUTINE USED TO PRINT INTEGER NUMBERS AS CONSOLE TYPNGOOO

“MESSAGES. “TIYPNOOLO
TYPNOO20

_ SUBROUTINE TYPEN(ID) . TYPNOO30
N - T Toemem e - TYPNOO4O
DIMENSION QUAN(2) TYPNOOSO
TYPNOO6O

CALL BBCD1(ID,QUAN(I),QUANTZY T - TYPNOOT0O
CALL TYPE(QUAN,12,0) TYPNOOBO
RETURN TYPNH0070
e e e — i e S OGO

END TYFNOL10O
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"
-n
_ee __ SCOTY BENNION
e
ENTRY 8BCO1
ENTRY 8BCO1.
.
BBCD1. MSM BBCD1-2
SXA  SAVE2,2
LDQ ZERO
CLAs 1.4
_Ssp_ -
LRS 4
vhe PTEM, 4
__8TQ upscd
LRS 4
voP PTEN+*Ll,94
STQ UPRCN+Y
IS Y
vDP PTEN+2,,4
STQ ___uUpPBCD+2
LRS 4
vDP PTEN+3,,4
———...S37Q UPBCD#3
LRS 4
vDP PTEN+4,,4
STQ UPBCD+4
e ARS 4 .
vOpP PTEN+5,4+4
STQ UPBCD+S
. RS 4 L.
voe PTEN+G+ 4
STQ UPBCD+6
e RS A
vDP PTEN+Tq«e4.
STQ UPBCD+7
.. LRS 4
vopP PTEN+8,44
STQ UPBCD+8
- LRS 4
vop PTEN+9,,4
STQ UPBCD+9
B _STo___ _UPBCD+1l0
AXT 11,2
SPZ CLA uPBCD+11,2
TNZ TFS
e CAL BLANK
STO UPBCD+11,2
TIX SPZ+2s1
'ngH UPBCQ+10

TSX ENTRYceceoecoscecncceesTSX

"(ee. CYCLESY ~~

MAP SUBROUTINE USED TO CONVERT INTEGER NUMBERS TO 8CD.

_PZE BIN
PZE BCD1
PZE BCD2

BBCDOOOO
88C00O010
BBCDOC20

" BBCDOO30

BBCD0040°
BBCDOOS0
BBCD0060

8BCO1.,4BBCD0O070

BBCDOOS8O
BBCDOO90
BBCDO100
BBCODO110

' 88CDO120

BBCDO130
BBLOO140
" BBLUVLSY
BBCDO160
B8BCOO170

~ "8BCDO180O

BBCDO190
BBCDO200
BBCDO210
BBCULOZ2U
BBCD0230

T 8BCD0240

BBCDO250

BBCD0O260
8B8CDO270
88CD0280
RRCDN290
88CD0300

"7 BBCLO310

OQUNT AND SUPPRESS LTEADING ZEROS ~

IR2=THE LOCATION OF THE DIGIT NOT ZERO
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88CD0320
BBLUUS 3V
8BCD0O340
ARCNN3SN
BBCDO360

T 7'8BCDO3T0

88CD0O380
BBCD0390
88CD0400
BBCDO410
88CD0420
8BC0D0430
BBCDO440

BBCD0O4S0
BBCDO460
BBCDO470
8BCD0O480
8BCD0O490



TFS CAL=» 1l B8BCDOS00
ANA STEST - Tt T BBCDOS10

TZE PACK BBCD0O520

CAL _ MINUS . S BBCDOS530

3] UPBCD+10,2 e T T BBCD0540

PACK  CAL UPBCD+4 BBCDOS550
LGR 6 BBCDO560

CAL UPBCD+3 - . "BBCDOS70

LGR 6 BBCDOS80

CAL uPBCD+2 BBCD0OS590

LGR 6 - Y - . {3 T s Y-Y0 10

CAL UPBCD+1 BBCDO610O

LGR 6 BBCD0620

CAL upPBCD T 8BCD0630

LGR 6 - T T T UBBCDO0640

CAL BLANK BBCDO650

LGR 6 88CD0660

WRDZ2 STQe 2,4 Tt "BBCDO6TO
caL UPBCD+10 88CD0680

LGR 6 BBCD0690

CALC UPBCO+9 T T T T BBCDO700

LGR 6 BBCDO710

CAL UPBCD+8 BBCDO720

LGR 6 TToTrrmTTTT "BBCD0730

CAL UPBCD+7 PACK SECOND BCD WORD 8B8CDO740

LGR 6 B8BCDO750

CAL UPBCD+6 T . R “'BBCDO760

LGR 6 88CDO770

CAL UPBCD+5 BBCDO780

LGR 6 e T88C00790

WRD1 STQ» 3,4 8BCD0800
SAVE2 AXT_ 0,2 ) BBCDOBLO
BRA BBCD1+5 T T ) o "BBCDOB20

AXT ne 4 7T BBC0O0830

BACD1 TRA »e CALL ENTRY..CALL BBCD1(BIN,BCD1,8CD2)BBCD0840
Msp _BBCD1-2 L _ . BBCDO850

SXA ‘8BCDI-1,4" T (... CYCLESY T 7 'BBCDO8B60O

LAC BBCDLly4 8BCDO8BT0

TXI  BBCDLl.+1,4,-1 28CD0880

T T IRA 4,4 ~ T T T oo 85500890
PTEN DEC 10000000000 10 TO 10TH 8B8CD0900
DEC 1000000000 10 TO 9TH 8BCDO910

DEC 100000000 10 TD &tR T T ) BBCD0920

DEC 10000000 16 T0  7TH 88C00930

DEC 1000000 10 70 6TH L  BBCD094O

DEC 100000 777 7T 16 TO  STH T o BBCDO950

DEC 10000 10 TO 4TH BBCD0960

) DEC 1000 10 70 3RD ) BBCDO970
DEC ico TTTigTto PN T T BBCDOS80

DEC 10 10 TO 1ST 88C00990

BLANK OCY °606060606060 ) L ____ BBCDlOOO
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STEST

MINUS

ZERO
uPBCD

JoeT .

ocT

PLE

8SS -
END

-...400000000000 . . _

000000000040

11
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C - FORTRAN SUBROUTINE TO PRINT PAGE HEADINGS. HEADO0OQOO

L S e e e e HEADOOQO1 0
: SUBROUTINE HEADER HEADO0O020
C HEADOO30
oo COMMON._DATA{2021) 5L OMy IFINC, IPGNO, IHEAD(14),.DATE(2) . __ __ .. .. . _HEADOQ4O
c HEADOOS0
IPGNO=IPGNO+1 HEADOO60

— WRIJTE(6,1) DATE.IHEAD, IPGNO - HEADOQO70
1 FORMAT(1lH1,8H SPORT A6,A2,9X,12A6,2A4,17X,5H PAGEI4 ) HEADOOBO
RETURN . HEADOOSC

C — - e e ts - HEADQAINNO
END HEADO120
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[ X 2
*%  MAP SUBROUTINE USED TO REFERENCE CURRENT DATE. N H MARSHALL
-8
) ENTRY  TODAY . o
L & 4
TODAY TRA -
— SXA_ X4 e e e e e
LAC TODAY,4
CLA 2,4
PAC & e
ZAC
LGR 36
CAL S.SDAT e
LGR 24
ALS b
ADD SHULLUU/ e
LGL 12 ’
ALS &
. _ADD..___ . _=H00000/ e e e
SLW 014 STORE MM/DD/ IN FIRST WORD
ZAC
LGL 36 e
ADD =HOO
SLW ) N STORE YY IN SECOND WORD .
X4 AXT 2,4
TRA® TODAY o o
LITERALS
EXTERN $.SDAT  GENGRATED
END
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TDAY0000
TDAY0010
TOAY0020
TDAY0030
TDAY0040
TDAY0050
TDAY0060
TDAY0070
TOAY0080
TOAY0090
TDAY0100
TDAY0110
TDAY0120
TOAY0130
TDAY0140
IUAYU 15U
TDAY0160
TDAYO170
TDAY0180
TDAY0190
TDAY0200
TDAY0210
TOAY0220:
TDAY0230

TDAY0240
TDAY0250

TDAY0260



(o FORTRAN SUBROUTINT WHICH COMPUTES THE PHASE ANGLE OF A COMPLEX ANGRO000
c QUANTTFY. LE REFSE ANGROO10
Tt R - N ANGR0O020
SUBROUTINE ANGRAD(X.Y,TMAG.PHASE) o ANGR0030

C L e S » ANGRO040
COMMON DATA(2021),L0M ANGR0050

C ANGRO060
TMAG=SQRT (X#X+YsY) ANGROO70

TIF (X)) 34294 7 0 T oo T T T T ANGRO080

“IF (YY) 547,6 .- o RPN L L ’ ANGR0090
PHASE=4.7123890 ' T " __ANBRO100

RETURN ANGRO110
PHASE=1.5707963 ANGRO120
RETURN . . ANGRO130

" PHASE=ATAN(Y/X)+3, 1415927 A ‘ " ANGRO140
RETURN . : ANGRO150

IF. (YY) 8+9,9 . . ANGRO160
PHASE=ATAN(Y/X)+6.2831853 ANGRO170

RETURN ANGRO180
PHASE=ATAN(Y/X) ANGRO190
RETURN ’ ‘ - ' - o T ANGR0200
PHASE=0.0 , N . ANGRO210

RETURN . . . . ANGRO220
ANGR0230

END ANGRO240

o T VI
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LX

SPRT0000

s MAP SUBROUTINE USED TO READ TYPE-1 SPORT DATA. R J WAGNER SPRT0010
e SPRT0020
ENTRY SPRT13 SPRT0030
o SPRT0040
EXTERN TSHIO.,RTNIN.,FMTSCeysFILOSeyHNLIO,ySTHIO.,FILO6.,FILIO. SPRT0050
SPRT13 PZE s . SPRT0060
o " SXA X4y 6 ' SPRT0070
SXA Xe+1,2 SPRT0080
SXA X4+2,1 SPRT0090
LAC SPRT13,4 SPRT0100
cLA 244 SPRTO110
STA 51U . SPRT0120
sT? LOM SPRTO130
AGAIN  TSX TSHID. 4 . SPRTO140
PLE FILDS. SPRT0150
MZE FMT, 4FMTSC. SPRT0160
AXT 14,4 SPRT0170
T TSLTT  HNLIO. "~ SPRTO180
STO CARD+14,4 SPRT0190
TIX . #=254,1 SPRY0200
TSX RTNIO. 4 SPRT0210
AXT Ore SPRT0220
TSL BCDRG ____GET 1D SPRT0230
X1 #+3,0,0 SPRT0240
PZE CARD,,0 SPRT0250
‘PIE 0 SPRTUZbU -
CLA VALUE e ... SPRTN270
Xst1o STOD eyl SPRT0280
TSL BCOBG GET. TIME SPRT0290
X1 443,0,0 SPRT0300
PZE CARD+2%,0 SPRTO310
PZF A SPRTUIZU
PCS CARD+3,,0 SPRT0330
TSX MINUS,2 SPRT0340
TSL B8CDBG GET CH 1 SPRT0350
IXI #+3,0,0 SPRTQ360
PLE CARD#+4,4,1 SPRT0370
PZC ) SPRTO380
PCS CARD#+4 4,4 SPRT0390
TSX MINUS,2 SPRT0400
TSL BCDBG GET CH2 SPRT0410
IxI #+3,0,0 SPRT0420Q
o7F CARD+5,,.5 _SPRT0430Q
PLL 3 SPRT0440
PCS CARD+6,4,2 SPRT0450
ISX MINIIS, 2 SPRIQ4KD
TSL BCDBG : GET CH3 SPRT0470
TXI. «+3,0,0

SPRT0480
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PZE CARD#+7,,3 SPRT0490
PZE 3 SPRT0500
PCS "CARD+8,,0 SPRT0O510
TSX MINUS 2 SPRT0520
TSL BCDBG GET CH& SPRT0530
TXI #4+3,0,0 SPRT0540
PLE CARD+G,,1 SPRT0550
PZE 3 SPRT0560
PCS CARD+9,,4 SPRTO570
TS X MINUS,2 SPRT0S580
TSL BCOBG GET CHS5 SPRTO990
X1 “+3,0,0 SPRT0600
PLE CARD+1044+5 SPRT0610
PZE 3 SPRT0620
PCS CARD+11,42 SPRT0630
TSX MINUS,2 SPRT0640
TSL BCOBG GET CH6 SPRT0650
X1 #43,0,0 SPRT0660
PZE CARD+12,,3 SPRT0670
PZE 3 SPRT0680
PCS CARD+13,,0 SPRT0690
TSX MINUS, 2 SPRT0700
X4 AXT e, 4 SPRTO710
AXT “w,2 SPRT0720
AXT ewy] SPRT0730
TRA® SPRT13 SPRTO740
* BCD YO BINARY ROUTINE o ~ SPRT0750
BCDBG PZE e SPRT0760
SXA BCAX,4 SPRT0770
LAC ___ BCDBG,4 SPRT0780
o CLA 7 T 1,4 SPRT0790
STA PICK SPRT0800
ARS 18 _ SPRT0810
SAC PICKy»2 SPRT0820
“sus =6 SPRT0830
PAX v2 SPRT0840
cLa 254 o SPRT0850
PAX ' SPRT0860
AXT 0,1 SPRT0B870
ST2 VALUE SPRT0880
'ST2Z COUNT SPRT0890
ZAC SPRTNS00
PICK PCS ae, ], a0 SPRT0910
cCs JUNK, 45 SPRT0920
TRA ERRM SPRT0930
TRA ERR SPRT0940
LDo JUNK SPRT0950
VMA VALUEy 94 SPRT0960
LLS 4 o o SPRT0970
STO VALUE SPRT0980
TNX BCAX~1,4,1 SPRT0990
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IAC SPRT1000

TNX #4542,1. SPRT1010

PCS PICK, 2. SPRT1020

ADD =1 SPRT1030

SAC; PICKy 2 SPRT1040

TRA PICK SPRT1050

AXT 6492 SPRT1060

1594 #-3,1,~-1 SPRT1070

BRA BRN ERMA SPRT1080
BCAX AXT ey 4 SPRTLO90
TRA# BCDBG SPRT1100

# MINUS ROUTINE _SPRT1110
MINUS CCS ~  JUNK,,2 SPRT1120
IRA 42 SPRT1130

TRA 845 SPRT1140

CoS JUNK 4,1 SPRT1150

TRA ERR SPRT1160

TRA %43 SPRT1170

TRA ERR SPRT1180

MSM VALUE SPRT1190

CLA vALUE $PRT1200

ORA =0233000000000 SPRT1210

FAD =0233000000000 SPRT1220

TXI e+l g44-1 SPRT1230

STO* XSTO SPRT1240

TRA 1,2 SPRT1250

» ERRO® ROUTINE SPRT1260
ERR 19X STHIN., % . SPRT1270
PLE FILOG. " SPRT1280

MZE FMT1,,FMTSC, SPRT1290

__AXT 1494 . .SPRT1300

CLA CARD#+ 14,4 SPRT1310

TSL HNL 10. SPRT1320

Tix s-2,4,1 5PRT1930

TSX FILIO.,4 SPRT1340

CLA =1 ' SPRT1350

STO LOM - SPRT1360

TRA X& SPRT1370

ERRM  CCS  JUNK,a1 SPRT1380Q
"TRA . ERR ’ SPRT1390

TRA 42 SPRT1400

TRA ERR SPRT1410

CiA _GOUNT _SPRT1420

ADD =1 'SPRT1430

STO COUNT SPRT1440

MSH BRA SPRT1450

TRA PICK+8 SPRT1460

ERMA MSP BRA SPRT1470

152



LAC BCDBG,4 SPRT1480
cLA 2,4  SPRT1490
sus COUNT SPRT1500
TNZ ERR SPRT1510
MSM VALUE SPRT1520
LXA BCAX, 4 $PRT1530
TRA® 8CDBG SPRT1540
ERMAL  TXL ERMA2,4,-2 SPRT1550
CcLS =6 “SPRT1560
TRA CRMAI D SPRT1570
ERMA2 CLS =3 SPRT1580
TRA ERMA2 __SPRT1590
FHT BCI 1,(14A61 SPRT1600
JUNK ocr 006040000012 SPRT1610
FMTL B8Cl 5S4 {15H CARD REJECTED-13A6,A2) . SPRT1620
COUNT BSS 1 SPRT1630
VALUE BSS 1 _ SPRT1640
CARD BSS 14 SPRT1650
CONTRL // SPRT1660
USE // SPRT1670
DATA ASS 2021 SPRT1680
LOM BSS 1 SPRT1690
USE PREVIONUS o SPRT1700
LITERALS
END

SPRT1710
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L X ]

DT650000

MAP :SUBROUTINE USED TO READ TYPE-2 AND TYPE-3 SPORT DATA.

e DT650010

. L J GANNON AND R J WAGNER DT650020

Ll - DT650030

ENTRY DAT650 07650040

- DT650050

EXTERN LEXP2. DT650060

» ‘ DT650070

DAT650 TRA T EXIT INSTRUCTION DT650080

SXA XA, 4 07650090

SXA XA+1,1 DT650100

SXA XA+2,2 DT650110

LAC DAT650,4 07650120

CLA 2:4 DT650130

ADDw XY . 07450140

_5TA ADD1 ADDRE33 OF A * N UT650150

STA ADD2 ADDRESS OF A + N NT650160

CLA 3,4 0T650170

ADDe 4,4 01650180

“""STA -~ = BADD1 ADDRESS OF B + N DT650190

STA BADD?2 ADDRESS OF B + N DT650200

LCLA® = 4,4 - . DT650210

PaX 2 N IN INUEX REG 2 61650220

. DT650230

ADDL _ CLA 4e,2 __FRACTION DT1650240

. TLE "CONT "7 i "7 IF THE NO IS ZERO, NO CONVERSION DT650250

i SYO TEMP | | DT650260

iBADD1  LDQ. .. ee,2 ’ . . _EXPONENT DT650270

BADD2  CAL  es,? . — EXPONENT 01650280

{777 - ANA, T 7=0004000000000 | MASK TN KFFP MINUS STGN NT650290

i ALS 6 SHIFT SIGN INTOD P BIT DT650300

{o __ORA TEMP o ‘ ’ DT1650310_

SLW TEMP PUT SIGN Oid FRACTION NT650320

SLWw ADO1 DT650330

, _IAC I . DT650340_

i LGt 6 T ' DT650350

! STO TEMP] HIGH ORDER DIGIT OF EXPONENT DT650360

L 2AC . - . : D1650370_

LGL 6 NT650380

ANA =017 TAKE OFF SIGN BITS . : DT650390

CAS =012  SEE IF ZERQ, + OR —~ ZERD HAS XX1010 CORE CODE DI650400

TRA «+2°° 7 NO DT650410

ZAC ; YES, SET TO ZERO DT650420

STO TEMP2 = LOW ORDER DIGIT OF EXPONENT DT650430

LDG TEMP1 DT650440

MPY =10 BCD TO BINARY DT650450

- LS 35 DI650460
; T

L " ADD 1EMP2 . . : ...DT650470

SuB =50 SUBTRACT BASE SO 0T550480

TIE CONT IF EXPONENT IS ZERD DT650490
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LRS 35 PLACE IN MQ DT650500

CLA =10. . DT650510
TTSU 7.7 TJEXP2. GO TO FLOAT NUMBER TO FIX POWER SUBROUTINE DT650520

LRS - 35 a DT650530

o FMP_ . TEMP - DT650540
ADD2 STO ws,2 DT650550
CONT  TIX ADD1+2,1 DT650560
. . DT650570
XA AXT ee,4 7T ’ i 0T650580
AXT Leeel ] _ ) DT650590

AXT .. #ey2 s N - ' DI650600

TRAw DAT650 DT650610

. : DT650620
TEMP  8SS 1 DT650630
TEMPL BSS 1 T T » ] 07650640
TEMP2 BSS 1 . ' DT650650

LITERALS
END : DT650660
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TIMX0000

e% " "MAP SUBROUTINE USED TO REFERENCE COMPUTER TIME CLOCK. TIMX0010
s 'L A SCHMITTROTH T1Mx0020
. - TIMX0030
ENTRY TIMX TIMX0040
" TIMX0050
TIMX _ PZE Ll TIMX0060
T CLAT . TIMX TIMX0070
. _ADD_ =2 TIMX0080
STA - STORE TIMX0090
CLA 5 TIMX0100
STORE STQOs»s Y TIMX0110
TRA® TIMX TIMX0120

* " ITERALS
L j»z rEND?,':. e »'3'1‘» o - ' . TIMX0130
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FORTRAN SUBROUTINE WHICH CALCULATES ELAPSED COMPUTER TIME. ETMX0000

ETMX0010

" _SUBROUTINE ETIMX(TTX,IETM,RETS) ’ : T * T ETMX0020

. . EE © . ETMX0030

CALL -TIMX(JTX) L ) - - . ETMX0040
[ETM={JTX-TTX)/36N0 . : ETMX0050
RETS=FLOAT(JTX-ITY)/60.0-FLOAT(IETM»60) ETMX0060
ITX=JTX ETMX0070

T “RETURN o o s K - : T ETMX0080
[ . ' ‘ . ‘ ETMX0090
END _ , , s ETMX0100
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o FORTRAN SUBROUTINF HHICH SELECTS THE MINIMUM AND MAXIMUM VALUES MXMN0OOOO
C FROM AN ARRAY. o MXMNOOLOQ
i A - MXMNO020
SUBROUTINE MAXMIN(SCALE.ARRAV'ISTART-ITOTAL'IJUMP) MXMNOO30

C.. _ e , MXMNO040
DIMENSION SCALE(2Y,ARRAY (1) "~ MXMNOOSO

c . MXMNOO060
DO 25 I=ISTART,ITNTAL,[JUMP MXMNOQOT0
"TF(ARRAY(T).LT.SCALE(1)) -SCALE(1)=ARRAY(T) =~ ’ MXMNOOS80
IF(ARRAY(I).LT.1.NE+30.AND, ARRAY(I) GT. SCALE(Z))SCALE(Z) =ARRAY{ I )MXMNOO90

25 _CONTINUE MXMNO100
RETURN : MXMNO110

o . . MXMNO120
FNN MXMNOL130
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*%

10650000

a "MAP SUBROUTINE WHCIH STRIPS THE SIGN. OFF AN INTEGER NUMBER. 10650010

. R L COATES : 10650020

se e 10650030

ENTRY 10650 10650040

. : 10650050

10650 PZE »e 10650060

T SXA END, 4 10650070

LAC 10650,4 10650080

LaL® 394 . 1D(50070

ANA =0170000000000 10650100

LAS =0120000000000 10650110

TRA es2 10650120

ZAC ' 10650130

LRS 30 10650140

SLwe 3.4 10650150

LDQ* 2,4 10650160

MPY =0000000000012 10650170

_STQs 2,4 1D650180

CALe 2,6 10650190

ADD» 3,64 10650200

... SLWe . 2464 . 10650210

END  AXT ve, 4 10650220

TRA® 10650 10650230
LITERALS

END 10650240
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*n

UNLDOO0OO

[T " MAP SUBROUTINE WHICH UNLOADS SPORT OUTPUT TAPES. T O ELSETHAGEN UNLDOO10
TS v UNLDOO20
. ENTRY . "UNLOAD UNLDO030
#e UNLDOO040
UNLCAD PZE *e UNLDO0OS0
SXA Xbe 4 SAVE INDEX REGISTER 4 UNLDOO060

LAC UNLOAD, 4 UNLDOO70

CLA= 2¢% PICKUP FORTRAN FILE NUMBER UNLDOO080

LAS NFILES IS FORTRAN FILE NUMBER GT. 11 UNLDO00Q90

TRA SToPl YES . UNLDO100

NOP UNLDO110

PAC 1 4 NO UNLDO120

CLA TABLE.4 PICKUP CORRECT BCD FILE NAME UNLDO130

$TO TEMP ) UNLDO140

L TMT PRI TRAMSFER IF S§YE. INPUT,OUTPUT,PUNGII UNLDOL150

LAC S.SLOC+1,44 ADDRESS OF FILE CONTROL BLOCK IN XR4 UNLDO160

" LXD T S.SLOC+1,2 DECREMENT OF FCB IN XR2 UNLDO170

CLA 1744 UNLDOlAO

CAS TEMP UNLDO190

TRA 42 UNLDO200

TRA. FOUND _ FOUND CORRECT FILE CONTROL BLOCK UNLDO210

TX1 #+]l 44,19 UNLDO0220

TIX #-5,42,1 UNLDO230

TRA SYQP3 CANNOT FINO CORRECT FCS8 UNLDO0240

FOQUND PXA v LINLNN2R/Q
PAC I UNLD0260

SXA ... TEMP1,4 UNLDO270

TSX S.CLSE,4 UNLDO280

TEMP1 PTW L L UNLDO290
X4 AXT e, 4 UNLDO300
TRA= UNLOAD LINI D03 1N

- [ Z X 222X 222 2SRRI RSN Y UNLDQ320
= #  STORAGE AND TABLE OF FILES hd UNLDO330
* RBRARERE B R AR TR ARR BRI AR R BRSRRAB NS UNLDO340
STOP1 CLA UNLOAD UNLDO350
ISX _S.XOVA,4 UNLDO360

STO FMT1+10 UNLDO370

TSX STHIO.,4 UNLDO380

PZE FIL06. UNLDO390

PZE FMT1 UNLDO400

TSX FILID 4 UNLDO410

PLE UNLDO420

STOP2  .CLA. UNL OAD UNLDOQ430
TSX SeXOVA,4 UNLDO440

STO FMT2+10 UNLDO450
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TSX STHID. 4 UNLDO0460

PLE FILO6. UNLDO470
TTUPLE T FMT2 UNLDO480
TSX FILID.,4 UNLDO490

., PIE e UNLDOS00
STOP3 TSX STHIO., 4 UNLDOST10~
PLE FILO6. UNLDO0520

PLE FMT3 UNLDO530

T TSX “FILI0.,4 UNLDOS540

PIL UNLDO550Q

FMT1 TSX - IOHHC. 4 UNLDO560
PLE 36 UNLDO570

BCI 64FILE NAME GT 11 ERROR LOCATION UNLDO580

N “TRA 10HEF. UNLDOS90
FMT2 TSX I0HHC .y 4 UNLDO600
PZE. 56 _UNLDO0610

BCI Gy ATTEMPTING TO REWIND SYSTEM INPUT,OUTPUT,PUNCH UNLDO620

" TRA TIOHEF. ¢ UNLDO0630

FMT3 TSX IOHHC ., 4 UNLDO640
AZE 41 . ___UNLDO0650

RC I 7,C0ULD NOT FIND CORRECT FILE CONTROL BLOCK UNLDO660

TEMP BSS 1 UNLDO670
TABLE BCI 1,FTCO00. UNLDO0680
. BC1 1,FTCO1. UNLDO690
BCI 1,FTCO2. UNLDO700

BLI 1:FTCO3., UNLDO710

BCI ___ 1,FTC04. UNLDO720

MZE o UNLDO730

MZE UNLDO740

MZE . ‘ . UNLDOTSO

8Cl 1,FTCO8. UNLDO760

8CI 1,FTCO9. UNLDOT70
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BCI 1,FTC10. UNLDO780

_BCE  1,FTCHl. - ~ UNLDO790

NFILES PZE_ ..  *-TABLE-1 S , . _ UNLDO80O
EXTERN: STHIO.,I0HHC.,10HEF.,FILIO.,FILOG6. UNLDO810
EXTERN S.SLOC  GENERATED

______EXTERN S.CLSE _ GENERATED

¥ TTEXTERN" = S.XOVA =~ GENERATED B8 '
END ' UNLDO0820

D
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"e ’ SET 0000
s  MAP SUBROUTINE WHICH SETS UP TRANSFER TO THE NEXT PROBLEM IF SET 0010
e CERTAIN ERRORS OCCUR. R L COATES SET 0020
. . R T ; SET 0030
EXTERN READY SET 0040

- ‘ SET 0050
ENTRY  SET SET 0060

o e i - SET 0070
SET PZE e SET 0080
SXA . SCT144 SET 0090

LAC SET, 4 SET 0100

CLAs= 244 SET 0110

ADD SET SET 0120

TSTO  ND SET 0130

caLL READY(NO) SET 0140

SET1 AXT = ss,4 SET 0150
TRA® SET SET 0160

MO BSS 1 SET 0170
END SET 0180
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UPDATE PROCEDURE USED: TO OBTAIN MODIFIED

XEM FOR USE WITH SUBROUTINE VSET*"

$PAUSE MOUNT REEL NO. 348 ON S.SU0B, SCRATCH ON S.SU07

$EXECUTE UPDATE

$RUN EXTRACT

N SL_OC A'T'E" X"E"‘ﬁ" = - T e - - Trmmm—— "‘"““_""""T e e e
ENTRY READY FTL22590

READY PLZE e FTL22680

SXA 824, 4 T FTUZ22681
LAC. READY,4 FTL22682
CLA® 2,4 , FTL22683

TTTTTTTSTA TTTTEPEXTY T - FTLZZ6a84
ARl 88,4 FTL22685
ThA® READY FTL22686

SOELETE FTL22760 -

- CELLY1 OCT *37T7TTIITIIINT FTL 23890

CELLZ2 OCT +377777777777 FTL23910

SENBRON - S fedehet

$1BSYS

s$1B8J0OB NCGO

$JEDIT " U07,sSRCH -

$IBMAP XEM :

$IEDIT

164"



c FORTRAN PROCESSING SUBROUTINE PROGRAM SMOGTH. A SMTHO0000

c..... . .. . ... . . . .SMTHGOO10
SUBRQUTINE SMOOTH(PART, ICODE'KSF.DT) SMTH0020

c SMTHO0030
e .COMMON DATA[2021),LOMyIFINC. - e et o e .o SMTHO040
DIMENSION T(100),U(100),BUFF{600),STOR(400), SMTHO0050

1 HEAD(14),SCT(2),5CP(2),SSL(2) SMTH0060

s REAL . MT1,MT2,MT3,MT4 M1, M2,M3 M4, M5,M6,MAG,L1,L2 .. . ... ___ . .. SMTHOO70
INTEGER LHNLNG,PCODE,PLCODE,PART SMTH0080
LOGICAL SWTCIILySHTCH?, SWTGCH2,; SWTCHG , SWTNHSa SWTRHA+SWTCHT ¢ SWTCHB, SMTHO090

e Ll SWTCHY, SWCHLO s SWCHL1 s SHCH12,SNCH13, SWCH14,SHCH1S . SMTHO100
EQUIVALENCE (DATA(1),T),(DATA(101),U),(DATA(201),BUFF), SMTHO110

1 (DATA(801)+STOR), (KySWCH13) SMTHO120

N o - e mee e e e e e et e - ... SMTHO130
c READ SMOOTH TITLE CARD SMTHO140
c SMTHO150
o CALL TIMXCITM) il e e e e . SMTHO16Q.
READ{5,1) HEAD SMTHO170

1 FORMAT(13A46,1A2) SMTHO0180
. . LD=20000000002 ... . . oo . e ee ew e ... SMTHO190
IBLANK=-17997958192 ' ‘ SMTH0200
IPASNO=1 SMTH0210
15..L0M=0 - e e D et e et eme e . .. .SMTHO0220
1655 SCP(1)=1.0E+30 SMTH0230
SCP(2)=-1.0E+30 : SMTH0240

oo - SSLULY=1.0E430.. . . . O . . . SMTH0250.
SSL(2)=-1.0E+30 SMTH0260

: XLT=10.0 SMTHO0270
. XLP=740 e e ... . SMTHO280.
. \ . SMTH0290
c READ SMOOTH CONTROL CARD SMTH0300
G . SMTHO310
READ(5,607)NDyNDL 4DT,TO, TF, TRR, TRP,N,PCODEs PLCODE, IFORM, ISCAL,  SMTH0320

1 DORDER,IRECYL,ITRANS, ISAVE SMTHO330

. .-607 EORMAT(19,A1,5610.8,12,811) _. .. .. .. .. . e e .. . . SMTHO0340
CALL ID650(ND,NDL) SMTH0350

REWIND 4 SMTH0360

.. . .READU4) 1UsULHNLNDG,UT2 SMTHN3ITN
IF{ICUDE.EY.5 «AND. CHNLNO.EQ.0) ND=ND/1000#1000 SMTH0380

CALL HEADER SMTHO390

I WRITE(6,2) , SMTHO0400

2 FORMAT(1HO,28H QUADRATIC SMNOTHING PROGRAM78X.15H N L S O R TD)ISMTHO410
S WRITE(6,9)HEAD,IPASNO,ND,DT,TO,TF,TRR,TRP,N,PCCDE,PLCODE,IFORM, SMTHO0420
.1 TSCAL,ORDER+IRECYL,ITRANS,ISAVE SMTH0430
9 FORMAT(107X15H U T PDC R E RS/1X,13A6,1A2,26X15H M § LAA D C AM /SMTHO440
1 107X,15H 8 T OTL E Y NN / 13H PASS NUMBERI2,12X,6H ID NQO,5X,8H DSMTH0450
2ELTA T,6X,10H T MINIMUM,4X,10H T MAXIMUM,3X,28H T START CAL 1ST OSMTH0460
3UTPUT T 15H R G TAE R L ST//26H SMOOTH CONTROL CARD WAS-,110, SMTHO0470

4 5F14.6,13,212,211,312,11,13,12,13,12 ) SMTHO0480
IF(ID.EQ.ND) GO TO 657 SMTHO490
WRITE(6,601) ID SMTHO500

601 FORMAT{1HO,25H WRONG ID NUMBER DATA 1D-110 ) : SMTHOS510
. N=-1 SMTHO0520
C SMTHOS30
c SET SMOOTH PARAMETERS SMTHO540
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c

L
C
c

c

C
C
c

. SMTHO0550

. 657 IF{TO0.EQ.-0.0) TO = -1.0E+28 . e S —. 1) § . {+ ]7-1¢ §
IF(TF.EQ.~0.0) TF = +1.0E+28 SMTHOS570
IF(DT.EQ.0.0) 0OT=DT2 SMTHOS580

wee. TF({ICODE.NE+S) .DT2=0.0 _ SMTH0590.
IF(IRECYL.LT.2) GO YO 1657 SMTHO600

1557 SWTCH1=.TRUE. SMTHO610
Y L ol o Y Y SOOI 3 . } 1¢1-¥.d s}
SWYCH4=.FALSE.. . SMTH0630
SWTCHB8=.TRUE. . SMTHO640

e e SWICH3=.TRUE . — - SMITHO0650.
1558 TSR=TO SMTHO0660
TSP=TO , SMTHO0670

v ..GO:TO 1l6%9 . .. v e oo — o e SMTHOGB0.
1657 IF{PCONF.FQ.1Y PLNCH 1,HEAD SMTHO690
TSP=TRP o SMTHOTOO

e e .SHTCH1=PCODE.EQ.3_. SMTHO710
SWTCH2=PCODE.EQ, 1 SMTHO720
SWTCH3=PLCODE.EQ.D SMTHO730

e~ SHTCH4A=SHTCH34AND o PART s EQe 1aAND o ITRANS e EQe0. . v SMTHO740.
SWTCHB8=ISCAL.EQ.O SMTHO750
SWCH14=PLCODE.LT.3 SHTHOIbO
_.1658 . TSR=TRR .. . .. .. . SMTHO110.
1659 TS=TSR SMTHO780
=-0 - SMTHO 790

B 72 N UV 1 . & f ; (01 : 1o T+ B
NCT=50 SMTHO810
IF{SWTCH4) GO TO 923 SMTH0820

- REWIND. B, ... ... e e e e oo — SMTYHO0830
WRITE(8) ND CHNLNO.DT SMTHO0840

923 IF(SWTCH8) GO TO 924 SMTHO0850
F . e L e —..SMTHORAN

REAU IN SCALE FACTORS FOR PLOT SMTHO870
SMTHO880

v .. READA{5,613) TMIN,TMAX,PMIN:;PMAX s SMIN, SMAX LT ,LP _ SMTH0890
613 FORMAT(6E10.3,212) SMTHO0900
IF(LT.NE.O) XLT=LT SMTHO910
IF(LPLNELO) .. XLP=LP, e e SR . LA 3 [+ 1= {1}
DTM={TMAX-TMIN)/XLT .SMTH0930

DPR= (PMAX-PMIN)/XLP . SMTH0940
CDSR=LSMAX=SMINY/XLP ... . . o o e e e SMTHO0950.
SMTH0960

924 IF(N.LE.2) GO TO 17 SMTHO0970
IF({{-1)»eN).GT.0) N=N-1 . R RN —-.SMTH0980:
SWTCHS=INT{ABS(DT2-DT)#1.0E+7). EQ 0 SMTHO0990

925 LL=N-1 SMTH1000
XN=N . . U SMTH1010
IP(SHTCHS) uUT=piZ SMTH1020
SWTCH6=.FALSE. SMTH1030

- . e e e e SMTH1.040.

FILL DATA ARRAY SMTH1050

) SMTH1060

710 READ{4) BUFF c . ORI RRPU- 1) o ) 0 { ¢
KR=-1 SMTH1080

10 KR=KR+2 SMTH1090
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IFIKR.EQ.601) GO TO 710

SMTH1100

e e e e - SMTH1110.

T(1)=BUFF(KR). . . . .
IF(T(1).GT.TF) GO TO 17 SMTH1120
IF(T{1).LT:TO) GO TO 10 SMTH1130
ULL1)=BUFE{KR+1). ... .. e e e e __SMTH1140_

DD 30 I=24N : SMTH1150

28 KR=KR+2 SMTH1160
IF{KR.LT.601) GO TO 728 : ... .. e e . _ SMTH11T70
READ(4) BUFF SMTH1180

KR==1 SMTH1190
B0 TO 28 SMTIH1200
728 T(I)=BUFF(KR) SMTH1210
IF(T(I).GTSTF) GO TO 17 SMTH1220
IFATAL) eLEaT(I=112). GO. TO..55.. . oot o i et et e s e ereses e e SMTH1.230)..
TIME=T(I) SMTH1240

30 U(])=BUFF({KR+1) SMTH1250

EUTRED 2 YT 1 7 2 2O U SMTH1260_
12=(N+1)/2 : SMTH1270
I3=(N+3)/2 SMTH1280

c.. e e e i e e it i e s . SMTH1 290 .
c READ IN DATA UNTIL SMOOTHING CAN BEGIN AT T = TSR SMTK1300
c SMTH1310
J110. _TEMP=(TLI1)4T(12))90.5 .o I SMIH1320_
IF(SWTCHS .OR. IRECYL.LT.2) 6O TO 111 SMTH1330
TS=TRR-FLOAT(INT{(TRR-TEMP)/DT))eDnT SMTH1340

e oo JEATS L TOTEMP). . TS=TS+DT. : e SMIH1350.
TSR=TS SMTH1360

TSP=TS SMTH1370

e 111 IFITS=TEMP). 50,70,60. ... SMTH1380
C , SMTH1390
c RESET TSR TO MIN ACCEPTABLE VALUE RETAINING ORIG TIMESHIFT SMTH1400
G e e s I e e SMTH1410.
S0 IF(SWTCHS) GO TO 70 SMTH1420
TSP=TSP-TSR+TEMP SMTH1430

e TSRETEMP SMTH1440.
TS=TEMP SMTH1450
WRITE(6,612) TSR, TSP SMTH1460

. 612 _ FORMAT(1H. 525H .CONTROL_WORDS RESED. —+52X42F1%.6) _SMTH1470._
GO TO 70 - SMTH1480

C SMTH1490
L. READ IN ANOTHER_.DATA _VALUE SMIH1500
C SMTH1510
41 KR=KR+2 SMTH1520
~IF(KR«LT.601). . GOC. 10 _741 SMTH1530
READ(4) BUFF SMTH1540

KR=1 SMTH1550

T4l _T(N)=BUFF(KR).... e e _..SMTH1560
IF(T(N).LE.T{(N-1)) GO TO 55 SMTH1570
TIME=T(N) SMTH1580
IF(TIME.GT.TF)L GQ.TO B4Y ... SMTH1590
U(N)=BUFF(KR+1) SMTH1600

GO YO 60 SMTH1610

c o . . e e e SMTH1620
c ERROR RETURNS SMTH1630
o SMTH1640
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[aleNgl

55

17

841

6841

oon

[aNeXel

[N eXal

3843

3845

3846

3842

609

842

4090

5000

WRITE(6,56) TIME

FORMAT(1HO4LH TIME SEQUENCE ERROR IN INPUT DATA AT T =F12.6 ) SMTH1660
LOM=1 SMTH1670
SMTH1680

NORMAL RETURN SMTH1690
SMTH1700

IF(SWTCH4) GO TO 3842 SMTH1710
IF{IPASND.LT.IRECYL) GO TD 6080 SMTH1720
WRITE(8) STOR SMTH1730
IF(ITRANS.EQ.0) GO TO 3842 SMTH1740
SMTH1750

TRANSFER SMOGTHED DATA TO OUTPUT TAPE SMTH1760
SMTHL770

REWIND. 8 SMTH1T780
IFITTRANS.FQ.1) RFWIND 9 SMTHL1TR0
READ(B) ND+CHNLNN.NT EMTH1800
WRITE(9). NDsCHNLNG,DT,K SMTH1810
NORECS=(K=1)/100+1 SMTH1820
DO 3843 J=1,NORECS SMTH1830
READ(8) . STOR SMTH1840
WRITE(9) STOR SMTH1850
WRITE(6,43845) SMTH1860
FORMAT{1HO, 41H SMONTHED .0ATA TRANSFERRED TQ QUTPUT TAPE ) SMTH1870.
1IF{ISAVE.EQ.0) GO TU 3842 SMTH1880
SMTH1890

UNLOAD ODUTPUT TAPE SMTH1900
, SMTH1910
WRITE(9) LD,CHNLNO,DT,K SMTH1920
END. FILE 9 SMTH1930,
CALL UNLOAD(9) SMTH1940
CALL TYPE(LH ,41,0) SMTH1950
CALL TYPE(38H REMDVE DATA TAPE GENERATED ON T,8,6,38,0) SMTH1960
GALL TYPC (20M AND RECORD REEL NUMBERyZ8,U) SMTH1970
WRITF(A,3R4A) : SMTH1980
FORMAT{1HO,21H OUTPUT TAPE UNLOADED ) SMTH1990
SMT1I2000

END OF CALCULATIONS SMTH2010
SMTH2020

CALL ETIMX{ITM,ICALM,RCALS) SMTH2030
IF{.NOT.SWTCH3 .AND. K.GT.25) GO TO 800 SMTH2040
WRITE(6,609) ICALM,RCALS - SMTH2050
FORMAT{1HO,27H CALCULATIONS REQUIRED 14,5H MIN F4.1,4H SECAL,SMTH2060
17HAND PLOT REQUIREDI3,5H MIN F4.l,4H SEC ) © SMTH2070
IF{IPASNO.LT.IRECYL) GO TO 4090 SMTH2080
KSF=K SMTH2090
RETURN SMTH2100
_ SMTH2110

TRANSFER QUTPUT TO $.SUO4 FOR RESMOOTHING SMTH2120
SMTH2130

IF(K.GT.0) GO TO 5000 SMTH2140
K=-K . SMTH2150
LOM=1 SMTH2160
IF{K.LT.50) k=0 SMTH2170
REWIND 8 SMTH2180
READ(8) ND,CHNLNO SMTH2190
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c

c

.C

c

8009 ISTART == 99 DL it s e et et e et oo one e e v

G R e U

o o - JELLENDAEQA600) GO F0.5001 . . o s i o e e

K

REWIND 4
6050 WRITE(4) ND,CHNLNO,DT

NOCRO4=K/300

- NOCROB=K/Z100 e e
IF(NDCRO4.EQ.Q0) GO TO 5001
1END=600
GD TO 5004

5001 IEMD=(MNOCRO8=NOCRO4a3)~200

J=0
GO Tao 5009

5002 ISTART=-199

5003 ISTART=ISTART+200

T T RUFE(IDONE+1)=1.0F+30
1END=0

. J=NOCRO&+1 .. — . ... . v

IF(IDONE.GT.ISTART) GO TO 5012
GD TO 5013

o e e

5005 J=J+1l

5010 ISTART=ISTART+200
IDONE=ISTART+199

IF(IDONE.LT.IEND) GO 7O 5010
IF{J.EQ.D0) GO TO 5003

5013 WRITE(4) BUFF
IF(J.LT.NOCRO4) GO TO 5005

IPASNO=IPASNO+1

cem- -. REWIND_ & o

READ(4) IDyCHNLNO,DT2
WRITE(6,5017) IPASND

. 5017 FDRMAT(1HO,11H BEGIN PASSI2) PO,

a0

IF(IPASND.EQ.IRECYL) GO TO 1657
GO TO 1558

" CHECK TO SEE IF MORE DATA IS NEEDED TO CAL NEXT SMOOTHED VALUE

. 60 TEMP=UT(I2)#TUIB)N 24 o o i it it e et e o e e+

61 IF(TS-TEMP)T70,70,80
80 ICNT=ICNT+1

DO 90 I=1,LL ... .. ... S . B, e

T(I)=T{I+1)
90 UlI)=UlI+1)
GO TO 41

CALCULATE SMOOTH COEFFICIENTS
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o IF{IENDeEQ20) .. GOTO 5002 .. oo o o e e

... ]DONE=ISTART+(K-NOCROB#100)#2-1 . ... . .. . .. o i

5012 _READ(8) (BUFF(I1)+BUFF(I+1):BsBsI=ISTARTsIDONEs2) . . .. . .

SMTH2200
SMTH2210
SMTH2220
SMTH2230
SMTH2240
SMTH2250
SMTH2260
SMTH2270
SMTH2280
SMTH2290

.. SMTH2300

SMTHZ2310
SMTH2320
SMTH2330
SMTH2340
SMTH2350
. SMTH2360.
SMTH2370
SMTH2380
SMTH2390
SMTH2400
SMTH2410
SMTH2420
SMTH2430
SMTH2440
.SMTH2450
SMTH2460
SMTH2470°

. .SMTH2480

SMTH2490
SMTH2500

... 9MTH2510

SMTH2520
SMTH2530

.. SMTH2540

SMTH2550
SMTH2560

... SMTH2570

SMTH2580
SMTH2590
SMTH2600
SMTH2610
SMTH2620

. SMTH2630

SMTH2640
SMTH2650

. SMTH266Q

SMTH2670
SMTH2680

. .SMTH2690

SMTH2700
SMTH2710
SMTH2720
SMTH2730
SMTH2740



C . SMTH2750
70 . LFASHCHL3) . GO _T0. 6060 . e e e e SMTH2760.
3070 K=K+l i SMTH2770
IF{ .NOT.SWTCHS5) GO TO 970 SMTH2780

o EVEN TIME INCREMENT SMOOTHING SECTION SMTH2800
o . SMTH2810
e . JEASHICHO) . GO._TO_71... e e e . SMTH2820
TSP=TSP=-TSR+T(]12) SMTH2830
TSR=T(12) SMTH2B840

— TS=ISR R . SMTH2850_
WRITE(6,612) TSR,TSP SMTH2860

971 L1=DT#DT*FLOAT{ (N#N-1)&#N }/12,0 . SMTH2870
e L2=(DT##4)®FLOAT( (3eNsa4—10sNaN+T)®#N_1/240.0__ . . . ... SMTH2880.
KNC={XN 042)2DT 5MTHZ2890
DETT=xM=LlaL2-L1l2L12L1 SMTH2900

. ALEXNeL1/DETT . .. .. —— SMTH2910..
Bl=(XNeL2-L1#L1)/DETT SMTH2920
C1=L1=L2/DETT SMTH2930

T -2 T 1 C3 15 02015 & (s PSR 1 ) § 5 7.3 LY ¢}
LQ=N+1 SMTH2950
HFDT=DT#(0.5 SMTH2960
QDTS DTEILDT e . SMTH2974Q.
SWTCH6=.TRUE., , SMTH2980

71 IF(T(N)-T(1) .GT. XNC) GO TO 970 SMTH2990

e B2 FOZ060.. e e e e e - - . . SMTH3000
F1=0.0 SMTH3010

F2=0.0 . SMTH3020

e .D0._73_1=1,11 ) SMTH3030..
L=LO-1 SMTH3040
SX=LQ-2#1 SMTH3050

e . Fl=Fle(U(L)-U(I))eSX. .. ____ _..SMTH3060
73 F2=F2+{U{L)+U(1))eSXeSX SMTH3070

DD 74 I=1,N SMTH3080

e T4 FO=FQAUCI)_ e R e et et e - SMTH3090.
F1=FL#HFDT SMTH3100
F2=F2+QDTS . SMTH3110

e L=CleFO+C28F2. . . | ., e . SMTH3120
B=BlsF1 SMTH3130
A=C2#FD+Al#F2 SMTH3140

e = GOLTO 75 SMTH3150
C : SMTH3160
o SAVE INITIAL VALUES FOR RECYCLING SMTH3170
. e SMTH3180
6060 IF(IPASNDO.GE.IRECYL) GO TO 3070 SMTH3190

: TMSHFT=TSP-TSR SMTH3200
e e—._...DD. 6070 _J2=1,11 . . . SMTH3210
K2=K2+4 SMTH3220
STOR(K2)=T(J2)+TMSHFT SMTH3230

. ...STOR(K2+1)=U(J2) SMTH3240
6070 STOR(K2+2)=1.5E+30 SMTH3250
KADDTQ=]1 SMTH3260

- 60 TO 3070 SMTH3270
C SMTH3280
(o ‘SAVE FINAL VALUES FOR RECYCLING SMTH3290
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6080

6081

6090 .

foo

970
140

“120

149
150

. NRL=N

IF(TIME.LT.TF] GO TO 6081
13=12

.NRL=N-1. R

DO 6090 J2=13,NRL
K2=K2+4 .
STOR(K2)=T(J2)}+TMSHFT
STOR(K2+1)=U(J2)
STOR(K2+42)=1.5E+30 :
IF{K2.LT.397).. GO TO 6090
WRITE(8) STOR

K2=-3

CONT INUE

WRITE(8) STOR
K=K+KADDTO+N-12

GO TO 3842

UNEVEN TIME INCREMENT SMOOTHING SECTION

DD 140 I=1,N
T(1}Y=T(1)-TS

FO=0.

FT=0,

FT2=0.

MT1=0.

MT2=0.

MT3=0.

MT4=0.

00 120 T=1,N

MT1 = MT1 -+ T(I1)’

XT2 = Ti(1) = TLI)

MT2 = MT2 + XT2

XT3 = XT2 # T{I)

MT3 = MT3 + XT3

XT4 = XT3 = T(1)

MT4 = MT4 + XT4

FO = FO + Utl)

FT = FT + Ull) » T(I)
FT2 = FT2 + U(I) # XT2

DET =XN#{MT2#MT4 - MT3#MT3) - MT1e(MT1#MT4 ~ MT3#MT2)
+ MT2&(MT1#MT3 - MT2aMT2)
M1 = (MT2eMT4 - MT3s#MT3)/DET

M2 =—({MT1#MT4 — MT2eMT3)/DET
M3 = (MT1e#MT3 - MT2#MT2)/DET
M4 = (XN®#MT4 — MT2#MT2)/DET

M5 =-(XNeMT3 ~ MT1#MT2)}/DET

M6 = (XN=MT2 — MT1eMT1l)/DET
C = FOsM) + FTaM2 + FT2eM3
B = FDaM2 + FTeM4 &+ FT2oM5
A = FO#M3 + FT#M5 + FT2eM6

DO 150 I = 1, N
T(I) = Y(I) + TS

PRINT, PUNCH AND STORE SMOOTHED VALUE
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SMTH3300
SMTH3310
SMTH3320
SMTH3330
SMTH3340
SMTH3350
SMTH3360
SMTH3370
SMTH3380
SMTH3390
SMTH3400
SMTH3410
SMTH3420
SMTH3430
SMTH3440
SMTH3450
SMTH3460
SMTH3470
SMTH3480
SMTH3490
SMTH3500
SMTH3510
SMTH3520
SMTH3530
SMTH3540
SMTH3550
SMTH3560
SMTH3570
SMTH3580
SMTH3590
SMTH3600
SMTH3610
SMTH3620
SMTH3630
SMTH3640
SMTH3650
SMTH3660
SMTH3670
SMTH3680
SMTH3690
SMTH3700
SMTH3710
SMTH3720
SMTH3730
SMTH3740
SMTH3750
SMTH3760
SMTH3770
SMTH3780
SMTH3790
SMTH3800
SMTH3810
SMTH3820
SMTH3830
SMTH3840



OO0

s XXz

. 606 .

con

15

29
605
2030
604

929

O
[
o

151

35

800

874

875

876

. 614

o0
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SMTH3850;

TSO=TSP+FLOAT(K-1)#DT : e e . .SMTH3860Q
IF(SWTCH1) GO TO 929 SMTH3870
NCT=NCT+1 SMTH3880
IF(NCT.GT.50) .GO TD. 35 . .. e e e e e SMTH3890.
WRITE(6,605) 1D+ TSDsCyByA SMTH3900
FORMAT(1X,110,FL4.643F16.7+3(2X,1PEL4.T)) SMTH3910
IF{SWTCH2) PUNCH 604,ID,T7S0,C,B,A - SMTH3920
FORMAT(I10yF16.643F16.7) SMTH3930
IF{SWTCH4) GO TO 151 SMTH3940
K2=K2+4 .. .SMTH3950
STOR(K2)=TSO SMTH3960
STOR(K2+1)=C " SMTH3970
STOR(K2+2)=B e e eieemien 4w .....SMTH3980
STOR(K2+3)=A . SMTH3990.
IP{K2.LT.397) GO 70 151 , ‘SMTH4000
WRITE(8) STOR . L . . . | . o e oo e SMTHAO 10
K2==~3 SMTH4020
IF(SWTCH3) GO TO 151 : SMTH4030
IF{SWTCH8 .OR. DPR.EQ.0.0) CALL MAXMIN{SCP,STORs2:40054)...__.__ SMTH4040
IF(.NOT.SWCH14 .AND. (SWTCHB.0R.DSR.EQ.0.0)) SMTH4050
CALL MAXMIN(SSL,STOR,3,40044) SMTH4060
y 4 A cee e e SMTH4070

RESET TS AND START NEXT SMOOTH CALCULATION SMTH4080
SMTH4090

TS=TSR+FLOAT{K)#DT ‘ e = ... SMTH4100
GO TO 61 SMTH4110
' SMTH4120
CHRITE PAGE HEADING . ... ... ... i e i e . SMTHA 130,
SMTH4140

CALL HEADER SMTH4150
WRITCUGsT) CHNLNC . ... SMTH4160
FORMAT (1HO,42H SMOOTH PROGRAM OUTPUT LISTING FOR CHANNELI4 / ) SMTH4170
WRITE(6,606) -SMTH4180
FORMAT(1H 421H ID NUMBER TIMEs12X,2H Cy14X2H B, 14X,2H A /)SMTH4190
NCT=1 SMTH4200
G0 TO 29 SMTH4210
. .SMTH4220

PLOT SMOOTH COEFFICIENTS B AND C SMTH4230
A SMTH4240
IRPOS=0 . : SMTH4250
IFISWCH14) GO TD 874 SMTH4260
PLCODE=PLCODE-2 SMTH4270
IRPOS=1 SMTH4280
SCT(1)=TSP SMTH4290
SCT(2)=7S0 SMTH4300
IF{IFORM.LT.2) PLCODE=PLCODE+2 SMTH4310
IF(SWTCH8) GO TO 877 SMTH4320
NCT=0 SMTH4330
IF{.NOT.SWTCH]1) CALL HEADER SMTH4340
WRITE{6,614) TMIN,TMAX,PMINsPMAX,SMIN,SMAX,LT,LP SMTH4350
FORMAT (1HO,24H PLOT SCALING CARD WAS ~2F1446,4F16.85212) SMTH4360
SMTH4370

COEFFICIENT C SMTH4380
SMTH4390



877 CALL DRAW(IRPOS,1,PLCODE,K,100,4,SWTCHB,STOR,SCT, SCP, SMTH4400
e LLXLT o TMINSDTM, XLP,PMI N, DPR, . .. s -... SMTH4410
2 HEAD,20H COEFFICIENT C ) SMTH4420
IF{SWCH14) GO TO 1802 SMTH4430

Co . OO OU ROV - ) f = £ Y1 ¢
c COEFFICTENT B SMTH4450
o SMTH4460
e . CALL _DRAW(=29292¢K+10094, SWTCHBySTOR¢SCT4SSLy oo .. SMTH4410
1 XLT,TMIN,DTM,XLP,SMIN,DSR, SMTH4480

2 HEAD,20H COEFFICIENT B ) SMTH4490
_lBUZ L FLIPASNULLYL2)Y GO T0. 1924, . ot e s ——— SMTH4 900
c: SMTH4510
CALL SYMBLJU{~043,XLP =0.875,0.14,4HPASS,90.0,4) SMTH4520

i CALL NUMBER(-0.3sXLP —0.250,0.14,FLOAT({IPASNG) +90.05-1).... ...._.. .SMTH4530
c SMTH4540
‘1924 CALL ETIMX{ITM,iPLTM,RPLTS) SMTH4550
e WRITE(64609) ICALM,RCALS o IBLANKoIPLTMRPLTS . .. . ... _SMTH4560.
GO TO 842 . SMTH45T0

C SMTH4580
END ... e e e e e .. .SMTH4590.
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C FORTRAN PROCESSING SUBROUTINE PROGRAM REACTIVITY. REACOCOO
c REACOCLO
SUBROUTINE REACT(K,D,FRCODE) REACQG20

c . REACOC30
COMMON DATA(2021),L0M, IFINC REACOQ40
DIMENSION XL(S0),T(50),A(50),XKL1{50C),XK2(50)+XK3(50),E(50), REAC0050

1 W(50),HEAD(14),STOR(40C) 4BUFF {600),SCT(2),SCP(2),SCR(2),SCE(2) REAC0060
EQUIVALENCE (DATA{1)+XL),(DATA(S51),T),(DATA(101),A),(DATA(151), REACOCTO

1 XK1),{DATA(201),XK2) 9 {DATA{251)+XK3),(DATA(3C1),E),(DATA(351),W),REACOCSC

2 (DATA(401),STOR),(DATA(801),BUFF),(DATA(2001),HEAD) REACO0Q90
INTEGER PCODE 4PLCODE  CHNLNOQ,PPLOT,RPLOT,EPLOY ,PLCODE,FRCODE REACO0100
LOGICAL SWTCHL,SWTCH2,SWTCH3, SWTCH4 s SWTCHS SWTCHE , SWTCHT REACO11C

C . REACO120
[ READ CONTROL CARDS REACO130
C REACO140Q
CALL TIMX(ITM) REACO150

101  READ(5,1)HEAD REACOQ16C

1 FORMAT(13A6,1A2) REACO17Q
READ(5,2) XLOB,AL,N,ICODE,PCODE,IECOCE,PPLOT,RPLCT,EPLOT,ISCAL, REACO180
1_ISAME,XE,SQURCE REAC0190

2 FORMAT(2E10.8,12,811,2E10.8) REAC0200
IF(ISCAL.NE.OJREAD(5,4003) TMINP , TMAXP ,PMIN{PFAX,LTP,LPP.TMINR, RFAGN21Q

1 THAXR,RMIN,RMAX oL TRsLRR, TMINE o TMAXE o EMIN.EMAX, LTE oL EE REAC0220

4003 FORMAT(3(4E5.3,212,1X) )} REAC0230
102 READ(S+3)(XL(I)sI=1,4N) REAC024C
READ(5,3)(A(1),I=1,N) REAC0250
IF(ICODE.NE.O) READ(S5,3) (W{I},I=14N) REAC0260

3 FORMAT(B8E10.8) REAC0270
IF(K.FQ.0) RETURN REAC0280

c REAC0290
o READ IN FIRST DATA RECORD AND WRITE KEADING REAC0300
C.. REACUILU
REWIND 8 REACO0320
READ(8)ID,CHNLNO REAC0330

CALL HEADER S ___RFACN34N
WRITE(6,6) HEAD,XLOB,AL,N,ICODE,PCODE,IECCDE,PPLCT,RPLOT,EPLCT, REACO0350

1 ISCAL,ISAME,XE,SQURCE REAC0360

. 6__FORMAT(1HO0,19H REACTIVITY PROGRAM,61X,15H OG P L I PRE S / REAC0370
1 81X,15H ER C I N WIN C / 81Xy;15H LC ST A/ 1X+13A6,1A2, REACO38C

2 15H AUCT PPP L 7/ 81X,15H YP O N € LLL € / 25X,18H LAMBDA / BREAC0390

- 3ETA BAR.5X,33H INITIAL AVERAGE RECIPR. PERIOD _,42H PS N G N TTT SREAC0400
4 INITIAL ENERGY SOURCE // 19H CCNTROL CARC WAS-F22.8,F30.8, REACO0410

S 11344129211,12,11,F15.8,F16.8 ) REAC0420
€ - e e e e e e e e REAC0430
% SET LOGICAL SWITCHES AND INTERNAL CONSTANTS REAC0440
C : REACO450
e e SHICH1=PCODELEQ.3 REACQ460
SWTCH2=PCODE.EQ.1 REAC0470
SWTCH3=PPLOT+RPLOT+EPLCT.EQ.O REAC0480
CSHYCHS=KalTaO o o e e REACO490
SWTCH4=SWTCH3 .AND. (SWTCH5.0R.FRCCDE.EQ.O} REAC0500
SWTCH6=ISCAL.EQ.U REACOS51C

SWICHT=SOURCE .Nt 0.0 R REAC0520
IBLANK=-17997958192 REACOS30
I1AXIS=0 REACO0540
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SCP(1)=1.0E+30

REACO055¢C

SCPI2)=-1We0E+30 o i et e e _.REAC0560

. SCR{1)=1.0E+30 REACOS70
: SCR(2)=-1.0E+30 REACO0S80
CRLTP =100 e e e e — REACO590

XLTR=10.0 REACO0600

XLTE=10.0 REACO610

. XLPP21.0_ . . . _— R REACO€20

XLRR=7.0 REAC0630

XLEE=7.0 REACO0640

v JTF{SWICHS) GO T0._.4020 ___ ___ REACO0650

REWIND & REAC0660

WRITE(4) ID,CHNLNQ,D,K REALUSb U

4020.  IF{SHTCHS ). _K==K__. _— REAC068Q

IF(SWTCH2) PUNCH 1,+HEAD REAC0690

IF(SWTCH6) GO TO 4021 REACO700

Co i e . REACO710

(o COMPUTE PLOT PARAMETERS REACO0720

o ' REACO730
JAE(LTP.NELQ)Y . XLTIP=LIP _ _ . e — REACO74C

IF(LTR.NE.O) XLTR=LTR REACOT50

IF(LTE.NE.O) XLTE=LTE REACO0760

v IFUISAME.£Q.0). GO Y0 4007 _ _ __ _ REACOQ770

XLTP=AMAX1(XLTP 4 XLTR,XLTE) REACO78C

XLTR=XLTP REACOT79C

. XLYE=XLTP - REAC0800

TMAXP=AMAX1 (TMAXP,TMAXR , TMAXE ) REACO810

TMAXR=TMAXP REAC0820

... TMAXE=TMAXP _ . [N — REAC0830
TMINP=AMINI(TMINP,TMINR, TMINE) REAC0840

TMINR=TMINP REAC0850

. CCTMINE=TMINP o e REACQB60

. 4007 IF{LPP.NE.QO) XLPP=LPP REACO87C
i IF(LRR.NE.O} XLRR=LRR . REACC880
IF(LEE.NELO) _ XLEE=LEE __ REAC(Q0890
DYMP=(TMAXP-TMINP)/XLTP REAC0S00

- DTMR=(TMAXR—TMINR) /XLTR REACOS1C
K DTME=(TMAXE-TMINE)/XLTE . . ... . . o et e e e = REACO0920
DPR=(PMAX-PMIN) /XLPP REACO0930

DRT=(RMAX-RMIN)/XLRR REAC0940

.. DEX=(EMAX-EMIN)/XLEE REACQS50

WRITE(6,4008) TMINP»TMAXP s PMIN s PMAX,LTPyLPPy TNINRyTMAXR,RMIN, RMAX 4REACO960

1 LTRyLRRyTMINE,TMAXE,EMIN,EMAX,LTE,LEE

REAC0970

4008 . FORMAT(1HO0,6X,29H SCALE FACTORS. FOR POWER _PLCT,12Xs34H SCALE FACTREACOS8G.

16RS FOR REACTIVITY PLOT

+10X,30H SCALE FACTORS FOR ENERGY PLOT // REACO0S90C

2 3(43H T MIN T MAX MIN MAX X Yy 7/ REAC1000

3 1Xe1P3{4FE9e2.213,1X) ). ... REAC1010

c REAC1020
C WRITE CONTROL CARDS REAC1030
c et e e e e e e e e e o e REAC1040.
4021 WRITE(6,612) REAC1050
612 FORMAT({1H / 59X%X,9H LAMBDA®*S / ) REAC1060
. HRITE(6 8 (XL{I)al=1,N) .. . . - REAC1070

8 FORMAT(1H ,8F16.12) REAC1080
REAC1090

WRITE{6,613)

A
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613 FORMAT{IH / 59X,9H F'S /) REAC110C
— WRITE(6 +8)(A(1),[=1,4N) . REAC1110
IF(ICODE.NE.O) WRITE(64614) REAC112C

614 FORMAT{1H / 59X,9H W'S /7 ) REAC1130
e IFLICODENEO) WRITE(6,8)(W{I)sl=1,N) — REAC1140
IF(SWTCH1) GO TO 1234 REAC1150

1233 CALL HEADER REAC1160
e WRITE(6,611) CHNULNG — REAC1170C
WRITE(64703) REAC1180

o REACL1190
€ _PRELIMINARY CALCULATIONS I REAC1200
c - = REAC1210
1234 DO 120 I=1,N REAC1220
T{I)=XL{I)=D . e et e REAC1230

SUM=T( I} REAC1240
SUML=1L1Y REAC1250
TEMP=T{ ]} REAC1260

2=1.0 REAC1270

11 2=21¥1.0 REAC1280
TEMP=TEMPeT (1)/2 REAC1290 .
SUM=SUM-TEMP REAC1300
2=21+1.0 : REAC1310
TEMP=TEMP*T(1)/Z ) . ____REAG1320
SUM=SUM+ I EMP REAC1330

IF(SUM - SUML - (.00001) 20, 20, 1C REAC1340
10___SUMi=SuM REAC1350

G0 TO 11 REAC1360

20 XK3(I)=SUM REAC1370
TEMP=-0.5+T ()T (1) REAC1380
SUML=TEMP REAC1390
SUM=TEMP REAC140C

- 1=2.0 REAC1410

30 Z=1+1.Q REAC1420
TEMP=TEMP®T(1)#(Z-1.0)/(Z%2-2,0%1) REAC 1430
SUM=SUM-TEMP REAC1440
2=2+1.0 REAC1450
TEMP=TEMP#T(1)#(Z2-1.0)/(2%2-2.0%2) REAC1460
SUM=SUM+TEMP e REAC1470

IF (SUM = SUMY + 0.00001) 40, 50, SO REAC 1480

40 SUMI=SUM REAC1490

GO I0 30 REAC1500

50 XK2{I)=SUM/XL(T) REAC151C
TEMP=—T(I)#T(I)#¥(1)/3.0 REAC1520 -
SUM=TEMP _ REAC1530
SUM1=TCMP REAC1540

22,0 REAC1550

60 _1=1#1.0" . REAC1560
TEMP=TEMP#T(1187/(2#2-2-2.0) REAC1570
SUM=SUM-TEMP REAC1580
1=21+1.0 — - et e e e . REAC1 590
TEMP=TEMP2T(I)#2/(222-2-2.0) REAC1600
SUM=SUM+TEMP REACL610
———JE_{SUM - SUM]1 + 0.00001)70, 80, 8¢ B REAC1620
70 SUM1=3UM REAC1630

GO TO 60 REAC164C
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80 XKI(I)==SUM/(XL(TL)eXL{L})

REAC1650

.- 120 __CONTINUE REAC1660
(o REAC1670
C FINAL CALCULATIONS FOR FIRST OUTPUT POINT REAC1680
C REAC1690
READ(8) STOR REAC1700
TIME=STOR(1) REAC1710

—_ C=STOR(2)} REAC1720
B=STOR(3) -REAC1730
XA=STOR(4) REAC1740

e GLIN=EXPLC) o REAC17S0
SUM = 0.0 RCAC1760

DO 200 I=14N REAC1770

e JEMP=A(TD /(XL (L) +AL) REAC1780
SUM=SUM+TEMP REACL790

200 CONTIMUE REAC1800
e DOLTO=AL= (XLOB+SUM) REAC1010
IF(IECODE.EQ.O0 +AND. AL.NE.0.0O) XE=CLIN/AL REAC1820
.DOLTC=0.0 REAC1830

— e ..870=0.0 REAC1840
NCT=1 REAC1850

C REAC1860
C PRINT_FIRST_OUTPUT POINT REAC187C
C REAC188C
IF(PCODE.NE.3) WRITE(6,5) [ID,TIME,CLIN,CCLTO,DCOLTC,XE,ETC REAC1890

e IF(PCODE.EQ,1) PUNCH 6CO,ID,TIME,CLIN,DOLTC,00LTC,XE,BTO REAC1500
IF{SWTCH4) GO TG 4323 REAC1910

c } REAC1S20
o STORE_FIRSY _OUTPUY POINT REAC1930
C REACL1940
BUFF(1)=TIME REAC1950

wem - BUFE(2)=CLIN REAC1S60
BUFF(3)=DOLTO REAC1970

BUFF (4)=00LTC REAC1980

i BUFE(5)=XE REAC1990
BUFF(61=8T0 REAC2000
SCT(1)=TIME REAC2C10
..SCE(1)=XE REAC2C20

K3=1 REAC2030

c REAC2040
Lo CALCULATE W'S AND E'S REAC2050
c REAC2C60
4323 1F(ICODE.NE.Q) GO TO 4322 REAC2070
.- D0. 4324 1=1,N : REAC2(80Q
4324 W(I)=XL(I)=CLIN/(XL(I)+AL REAC2090
4322 DO 90 I=1,N REAC2100
e .80 ELI)=EXPA=T (1)} REAC2110
K2=1 REAC2120

c REAC2130
C..... . MAIN_LOOR REAC2140
C REAC21S0
DO 100 M=2,K REAC2160
O : - REAC217Q
C LOCATE DATA NEEDED REAC2180C
C REAC2190
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K2=K2+4 REAC2200
IF(K2.,LT.400) GC TO 3C90 REAC2210
READ(8) STOR REAC2220

K2=1 REAC2230

_ 3090 TIME=STOR(K2) REAC2240
C=STOR(K2+1) REAC2250
B=STOR(K2+2) REAC2260

. XA=STOR(K2+3) REAC227C
c REAC2280
C FINAL CALCULATIONS REAC2290
C REAC2300
500 CLIN=EXPI(C) REAC2310
BLIN=B#CLIN REAC2320
ALIN=CLIN®(XA+0.5%B8B) REAC2330
XE=((0.333333333+ALIN®D~-0.5«BLIN)#D+CLIN)*D+XE REAC2340
SUM=0.0 REAC2350

DO..110 I-1;:M REAC2360
W{I)=W(I)®E(T)+ALIN®#XKL{T)+BLIN®XK2{I)+CLIN®XK3(I} REAC2370

110 SUM=SUM+W({T)#A(I) REACZ380
IF(SWICHT) B=B-SOURCE/CLIN REAC2390
DOLS=1.0+(XLOB#B-SUM/CLIN) REAC2400
DULC=DOLS-DOLTO . REAC2410
BI=DOLC/XE REAC2420
IF(SWTCH1) GO TQ 925 REAC2430

o REAC2440
C PRINT OUYPUT VALUES - REAC2450
c REAC2460
NCT=NCT+1 REAC2470
IFINCT~51125,26,26 . _REAC2480

25 WRITE(645)ID, TIME,CLIN,DCLS,DOLC,XE,BT . REAC2490

S FORMAT(2X,110,F1l4.69F16.492F16.T4F16.6,F16.1C ) REAC2500
o IF(SWICH2) PUNCH 600,ID,TIME,CLIN,DCLS,DCLC+XE,BT L __REAG2510
"600 FORMAT(I10,F10.6,F12.492F1206+F12a4sF12.A) NCAC2520
IFISWTCH4) GO TO 100 REAC2530

c_ e e e REAC 2560
c STORE OUTPUT VALUES REAC2550
C REAC2560
925_. K3=K3+6 et oo e et e et s eesemn JREAC257U
BUFF{K3)=TIME REAC2580

BUFF (K3+1)=CLIN REAC2590

e BUFE(K3#2)=D0LS I e REAC2600
BUFF(K3+3)=D0LC REAC2610
BUFF(K344)=XE REAC262C
_BUFF(K3+5)=8BY . __._ e+ e e e e e e e e (REALC2630
IF(K3.LT.595) GO TO 100 REAC2640
WRITE(4) BUFF REAC265(

. . K3==5 — __REAC2660
c REAC2670
c SCALE DATA POINTS IN ARRAY 'BUFF?* REAC2680
C . e e e e e e e e e REAC2€90
IF(SWTCH3) GO TO 100 REAC2700
IF({PPLOT .NE+O)AND. (SWTCH6.0R. (DPR.EQ.0.0))) REAC2710

. 1. .CALL. MAXMIN(SCP+RUFF,2,600.:6) . e e - REAC2720.
[F({RPLOT.NE.O) cAND. (SWTCH6.0R. (DRT.EQ.040101 REAC2730

1 GALL MAXMIN(SCRyBUFF,3,600,6) REAC274C
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GO 70 100 : REAC275¢C

[ . L L REAC2760
c WRITE PAGE HEADING : REAC2770
c REAC2780
_.26__CALL HEADER . REAC2790
WRITE(6,611) CHNLNO REAC2800

611 FORMAT{1HO,46H REACTlVITY PROGRAM OUTPUT LISTING FOR CHANNELI4 /)REAC2810
702 _WRITE(6,703) ‘REAC2820
703 FORMAT(1X,1LlH RECDRD NC. +4Xs5H TIMEL2X,6H POWER,9X,26H REACTIVITYREAC283C.
Tl fNMP. REACT.,6X,7TH ENERGY,8X,5H B(T) 7/ ) REAC 2840
SUNCT=1 : RFA(2850

GO TO 25 REAC2860

100 CONTINUE REAC2870
Coo _REAC2880
o END. OF CALCULATIONS REAC2890
C REAC2900
e 1F(.NOT.SWICH4) WRITE{4) BUFF _REAC2910
CALL ETIMX(ITM,ICALM,RCALS) REAC29520
IF(.NOT.SWTCH3)} GO TO 70C0 REAC2930

e MRITE(64615) _1CALM,RCALS _ _ REAC2940.
615 FORMAT(1HO,27H CALCULATIONS REQUIRED 14s5H MIN F4.1,4H SECAL,REAC2950

1 20HAND PLOT(S) REQUIREDI3,5H MIN F4.1,4H SEC ) REAC2660
G0_T10_3000 REAC2970

c REAC2980
c PLOT SECTIGCN REAC299C
C e e - - REAC3CO0
7000 SCT(2)=TIME REAC3010
IF(PPLOT+RPLOT.EQ.O0) GO TO 7005 REAC3020

e 1 FAPPLOT.EQ.O0) GO TO 7002 REAC3C30
o REAC3C40
C PLOT POWER . © REAC3050
C REAC306C
IF(ISAME.NE.O) TAXIS=IAXIS+] : REAC3070

CALL DRAW(IAXIS,1,PPLOT,K,100,6,SWTCK6,BUFF,SCT,SCP, REAC3080

1 XLIP,TMINP,DIMP,XLPP,PMIN,DPR, o REAC3090

2 HEAD,20HREACTOR POWER (MW) ) REAC3100
IF(RPLOT.EQ.0) GO TO 7003 REAC3110

C . . REAC3120
c PLOT REACTIVITY REAC3130
c REAC3140
_7002_ IF(ISAME.NE.O0) TAXIS=FAXIS+1 I o REAC3150
IF(EPLOT.EQ.0) IAXIS=-IAXIS REAC3160

CALL DRAW{IAXIS,2,RPLOT,K,100,64SWTCHE,BUFF,SCT,SCR, REAC3170

1 XLIR,IMINR,DTMR . XLRR,RMIN DR, REAC3180

2 HEADy20HREACTIVITY (DOLLARS) ) REAC3190

7003 1IF(EPLOT.EQ.O0) GO TG 7006 ) REAC3200
c REAC3210
C PLOT ENERGY REAC3220
o - REAC3230
7005 _SCE(2)=XE REAC3240
IF(ISAME.NE.O) TAXIS=—-IAXIS-1 REAC3250

CALL DRAW(IAXIS,4,EPLOT,K,100,6,SWTCH6,BUFF,SCT,SCE, REAC3260

1 XLTE,TMINE,DYME, XLEE, EMIN,DEX, REAC3270.

2 HEAD,20H ENERGY (MW-SEC) ) REAC3280

C REAC3290
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7006 CALL ETIMX{ITM,IPLTM,RPLTS) REAC3300

__WRITE(6,615) ICALM,RCALS,IBLANK,IPLTNM,RPLTS REAC3310

c . : REAC3320
3000 IF(SWTCHS5) K=0 ) . REAC3330
RETURN REAC3340

c REAC3350
END - . : . REAC3360
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a0

OO0

FORTRAN SUBROUTINE WHICH CONTROLS SPORT PLOTS. DRAWDO0O

DRAWDO10

SUBROUTINE DRAW(IC,JXoPPLOT K, NPRyISKIP,SWTCH6+ARAY4SCT»SCPy - DRAN0020

1 XLT?,TMINP,DTMP,XLP?,PMIN,DPR, DRAW0030
2 HEAD,LABEL ) DRAW0040
. DRAW0OOS50

COMMON DATA(2021),LIM,IFINC,IPGNOsIHED(14),DATE(2) ORAW0060
DIMENSIOJN SCT{2),SCP(2),ARAY(2),BUFF{600),STOR(400),52T(2), DRAW0OOT70

1 HEAD(14),LABEL(4),2JAN(2) DRAW0O0S80
EQNTVAI FNGE (DATA(1401)4BUFFySTOR) s (IFINC,SMALLY) DRAWD090
LOGICAL SWTCHL,SWTCH2,SWTCHI, SWICH4 s SWILH3 ¢ SWTCHO9SHTCIT,EWTGHB: DRAWALANN

1 SATZH9,SMALLL,SMALL2 DRAWO110
INTEGER PPLOT,CHNLN)D DRAW0120
e ... . DRAWO130

SATTHR=TK.FQ.999 77 DRAWO140
SHTZH2=.NDT.SWTCHS .AND. IK.5T.0 DRAWOLS50
12=1ABS{IK) . B S C ) DRAWD160
SWTZH3=.NDT.SWHTCH5 .AND. 12.5T.1 7 ' DRAWOL1TO
SHNTZH4=SWTCHS .OR. 12.LT.7 DRANWO180
SWTZH9=SWTCH6 «OR. DPR.EQ.0.0 = o DRAWO190
XSTR=FLOAT(1-12/5)% ¢ XLTP+FLIAT(I2-1)#.5)+FLOAT((12/5)%(4~-12))#.5 DRAWD20O
IF(F2.LT+2 .OR. SWTIZHS5) XST=0.0 DRAWO210
IF(SWTCH3) GO TO 6395 N ) DRAW0220
10 6% et e e . DRAND230

POSITION PLOT DRAW0240

3 o ) e , DRAW0250
IF(IFINC.GT.0) GO TJ 200 T ORANO260
IF(.NDT.SMALLL1).GD TD 100 DRAWD270

© DRAW0280

SET UP FOR"SMALL PLOTTER = s s mmm ommimms siomsie © e o pauin5aa
DRAWO300

SMALL2=.TRUE. _ o " DRAWD310
CALL PLDTS(0.09-2.0,-3) ooy m e mom R DRAW0320
GD TD 200 . DRAWD330
DRAW0340

100 SMALL2=.FALSE. C T Tt o DRAWO350
CALL PLOT(0.0,-2.2,-3) DRAKWD360
200 SATZHLI=SVMALL2.0R«XLTP.GT.10.5.0R . XLPP.GT.7.5 DRANW0O370
IFINC=IFINC+]l ' Coormn o T " DRAH0380
ICOJNT=1C0UNT+1 ) DRAW0390
IF(IFINC.GT.1 .AND. ICOUNT.EQ.1) GO TO 7000 DRAWD400
IF(IFINC.EQ.1) ICOuUNT=1 oo " DRAWO410
XXX=0.0 DRAW0420
YYY=0.5 ' DRAW0430
"IF{ICUUNT.EQ.1) 32 TO 7000~~~ ° T ’ < 7T T DRAWD44O
LIEST1=120UNT = (ISBJINT -1)/3%3 - 1 DRAKO4S0
YYY=10.0 . DRAW0460
IF(ITEST.NE.O) GO TO 6990 Co DRAW0470
XXX=1540 DRAWD480
YYY=-20.D DRAND490
6390 IF(.NJIT.SWTCH1) 32 TD 7000 S T R DRAWO500
XXX=15.9 - DRANWDOS10
YYY=YYY-FLOAT(ITEST)#10.0 DRAWDS20
7200 CALL PLIT(XXX,YYY,~-3) . T : DRANDS30
) . DRAWO540
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oo

6395

8130

831

835

836

837
825
y38

839

801

802

804

SCALE DATA AND DRAW AXIS

IF(<.EQ.0) RETURN
K6=</NPR

K7=X-K6#NPR

KB=<7#ISKIP

$2T(1)=5LT(1)
$2T(2)=5CT(2)
IF(.NOT.SWTCHI9) G3 7D 830

CALL MAXMIN{SCP,ARAY,1+JIX,KB, ISKIP)

IF(PPLOT.LT.3) GD TD 830

IF(SCP(1).LT.-88.0 .DR. SCP(2).GT7.88.0)

SCP(1)=EXP(SCP(1)}))
SCP(2)=EXPISCP(2))

IF((=1)*sPPLOT . LTe0sANDs {5CP(1)oGToDecORNUT.SHILHT)) GO TO 835

IFI(PPINT. NE.L1) GO TO 831
PPLIT=2 " -

IF(SWTCHY) GO TD 831

SCP{1)=10.0#&({SCP(1))
SCP(2)=10.0#=(SCP(2))

IF(SWTCH9) CALL SCALE(SCP+2,XLPP4yPMINyDPR,1)
IF{SWTCH4) CALL AXIS({XSTRy0.0,LABELy204XLPP,90.04PMIN,DPR)

GO TO 836

IF(SWYCH9)CALL LSCALE(SIP,2,XLPP,PMIN,DPRy1)
IF( SWTCH4)CALL LAXIS(XSTRy0.0,LABELy204XLPP,90.0,PMIN,DPR)

IF(ISKIP.EQ.2) GO TOD 825
IF(ISKIP.EQ.6) GD TO 837
REWIND 8

READ(8) IDyCHNLNO

GO TO 838 '

REWIND 4

READ(4) ID,CHNLNO
IFISWTCH5) GO TO 870

IF(SWIC45 .OR. DTMP.EQ.0.0) CALL

IF(SWTCH3) GO TO 839

CALL AXIS{0ae090.0yLOHTIME (SEC)s10,XLTP,0.0,TMINP,DTMP)

DRAA-LINE

JAIK=MINI(NPRS[SKIP,(#ISKIP-1)
IPEN=3

XLAST=0.)D

YLAST=0.0

SATZHS=.TRUE.

SAT-H7=.FALSE.

DI 815 I=0,K6

IF(ISKIP.EQ.4) READ(8) STOR
IF{LSKIP.NE.4) READ(4) BUFF
IF(I.LT.K6) GO TD BO2
1F({<T7.EQ.0) GO TI 815
JK=KB

DI 815 J=1.JRK,ISKIP .
BUFF{J)={RUFF(J)~TMINP)/DTMP
JJJd=JedX

60 TO(826,807.808,809),PPLOT

SCALE(S2T 424 XLYP,TMINP,DTMP,1)
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GO TOD 855

DRAWO550
DRAWD560
DRAWDS570
DRAW0S580
DRAW0590°
DRAW0600
DRANWD610

-DRANW0620

DRANO630
DRAW0640
DRAW0650
DRAW0660
DRAW06TO
DRAWQ680
DRAW0690
DRAWD700
DRAWO710
DRAWD720
DRAWOT30
DRAW0740
DRAWO7S0
DRAWOT60
DRAWOT70
DRAWO780
DRAWO790
DRAWOB00
DRAWOS10
DRAWOB20
DRAWO830
DRAWO840
DRAHOB50
DRAWOBSO
DRAWOS70
DRAWODB80
DRAWOB90
DRAWD900
DRAWO910
DRAWD920
DRAW0930
DRAWO940
DRAW09S0
DRAW0960
DRAW0970
DRAN0980
DRANO990

‘DRAW1000

ODRAW1010
DRAW1020
DRAW1030
DRAW1040
DRAW1050
ORANWL060
DRAWL070
DRAW1080
DRAW1090



[z NaXel

o000

808

809

806

807

810

8l1

812

813

814

815

870

1

BUFF{JJJ)=(BUFF(JJJ)20.436423448-PMIN)/DPR

GO T0 810 |
BUFF (JJJ)=EXPIBUFF(JJJ))

GD TO 807
BUEF(JJJ)=ALOGIO(BUFF(JJJ))
BUFF(JJJ)=(BUFF(JJJ)-PMIN)/DPR

SATZHB= BUFF(J)eLTeDe0 0OR. BUFF(J)GT.XLTP

<0 BUFF(JJJ).LT.0.0 +OR. BUFF(JJJ).GT.XLPP
GO TO 813

IF{.NOT.SWTCH7 .AND. NOT.SWTCHB8)
[IF(SWTCH7.AND.SWTCHB) GO T)D 814

CURENT DR PREVIOUS POINT OFF-SCALE

GDODX=XLAST
GANNY=YLAST
BADX=BUFF(J)
BADY=BUFF(JJJ)

" IF{.NOT.SWTCH7) '50 TO 811
. GIODX=BUFF(J}

GO0DY=BUFF(JJJ)

BADX=XLAST ~

BADY=YLAST

XSUB=0.0

YSU3=0.9

IF{BADY.GT.G00DY) YSUB=XLPP
IF{BADX.GT.GOODX) XSUB=XLTP
SLOPE=1.0E+10 ' o

IF(BADX.NE.GUDODX) SLOPE=(BADY-GOODY)/(BADX-GOODX)

BUFF(JJJ)=GO0DY+({XSUB~GDOODX)*SLOPE
BUFF(J)=G0OODX+(YSUB-GODDY)/SLOPFE

TF(BUFFIJJJI)GT.XLPP) BUFF(JJJI)=XLPP

TF(BUFF(JJJ).LT.0.0) BUFF(JJJ)=0.0
IF(BUFF(J)eGTXLTP) BUFF(J)=XLTP
IF{BUFF(J)eLT.0.0) BUFF{J)=0.0

CALL PLOT(BUFF(J),BUFF(JJJ),IPEN)

IF{SWTCA7) GO TO 812
IPEN=3

SWTZH5=,TRUE.

GO TO 8l¢

IPEN=0

SWTIH5=.FALSE.

CALL PLOT(BUFF(J)+BUFF(JJII)ZIPEN)
IF{.NOT.SWTCHS) 50 TOD 8l4
IPEN=Q

SWTICHS=.FALSE.
XLAST=BUFF(J)
YLAST=BUFF({JJJ)
SWTZH7=SWTCHS8

CONTINUE

IF{SWTCH3) GO TO 7200

DAA LABELS

CALL SYMBLJ{0.0yXLPP+0.05,AMIN1(0.014eXLTP,0.42),HEADy0.0,80)

CaLL 8BCD1(ID,QUAN(1),QUAN(2) )
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DRAW1100
DRAW1110
DRAWI120
DRAW1130
DRAW1140

" DRAW1150

DRAW1160
DRAWL170
DRAW1180
DRAW1190
DRAW1200
DRAW1210
DRAW1220
DRAW1230
DRAW1240
DRAW1290
DRAW1260
DRAW1270
DRAW1280
DRAW1290
DRAW1300
DRAW1310
DRAW1320
DRAW1330
DRAW1340
DRAW1350
DRAW1360
DRAW1370
DRAK1380
DRAW1390
DRAW1400
DRAW1410
DRAW1420
DRAW1430
DRAW1440
DRAW1450
DRAW1460
DRAW1470
DRAW1480
DRAK1490
DRAW1500

" DRAW1510

DRAW1520
DRA¥W1530

' 'DRAW1540

DRAW1550
DRAW1560
DRAN1570
DRAW1580
DRAW1590
DRAW1600
DRAW1610
DRAW1620
DRAW1630
DRAW1640



CALL SYMBLJ(-0.250,-0. QboO-IQ;QUAN 0.0,12) DRAW1650

CALL SYMBLJ(=0.340.090.14,DATE,90.0,8). DRAW1660
IF({ZHNLND.GT.0 .AND. CHNLNO.LT.7) CALL NUMBER(1.250+-0.44,0.14, DRAW1670

1 ~FLOAT(CHNLNO)}y0.0,-1) DRAW1680

7200 IF(.NDT.SWTCH! .OR. SWTCH2) RETURN DRAW1690
o DRAW1700
o REPISITION PEN IF T4IS PLOT WAS LARGER THAN 10 X 7 DRAW1710
c _ . ' ’ ORANW1720
ICOUNT=D ) DRAW1730
XXX=XLTP+5.0 ‘ DRAW1740
YYY=0.0 ) N i DRAW1750

RETJRN : o DRAW1760

c : ' DRAW1770
o ERRIR RETURN DRAW1780
C ' ' URAWL /90
655 WUITCU(Gy056) . ) URAWLBUOU
856 FORMAT(1HO21H UNABLE TO SCALE DATA ) ’ DRAW1810
RETJRN T oo ) . o "DRAW1820

c DRAW1830
"END A DRAW1840
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FIRTRAN PROCESSINSG SUBROUTINE PROGRAM FREQUENCY RESPONSE.
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o FREQO000
C FREQOO10
SUBYOUTINE FREQ(TAIT,ICODE,<,DELTAY ~FREQO020

[od FREQO0030
COMMON DATA(2021),LIM, IFINC FREQO040
DIMENSTON w(100).1(100),P(100).0(103),S(lool.A(5).HEAD(14). FREQOO50

1 X{100),Y(100),2(100),STIR(4D0),BUFF(600),STOR2(400),LABELX{3) FREQO060
EQUIVALENCE (DATAtl).w).(DATA(lol),R).(DATAlzol).P).(oATA(301).D)FREQoo7o

1 , (DATA(401)+5), (DATA(501),A), (DATA{506)+HEAD), (DATA(5201,X¥, .  FREQOOB0

2 (DATA(&ZO),Y),(DATA(720).l),(DATA(azo).STOR).(DATA(lZZO).BUFF. FREQO090

3 STORE). . o FREQQ100

REAL NUY FREQOITO
INTEGER PLCODDE, TART,CHNLND,PCDDE FREQD120

“ LOGICAL SWTCHlySWICH2,)SATCH3, SWTCH4 s SWTCHSySWTCH6,SWTCHT,SWTCHB FREQO130

€ 2281, —t L AL ————FREGOT40
CALL TIMX(ITM) FREQNO150

‘400 READ({S5,13)HEAD FREQO160
13 FORMAT(13A6,1A2) FREQO170
READI(5,10) NyI,J,L,PLCODE,PCONE, INSCPSeALPHA FREQO180

10 FIRVATI(13,611,11X,E10.8) ) FREQO190

" READI(S,11)(W(M),M=1,N) - FREQDO200

11 FORMAT(8E10.8) FREQO210
IF(K.LEsD) RETURN . FREQO220
IF(N.EQ.D .OR. 1.E2.0) RETUIN FREQ0230

© Kg=1 FREQD240
1BLANK=-17997958192 FREQ0250
SATZH1=PCODE.NE.O “"FREQO260
SHATCH2=TART.NE.3 FREQOD270
SATCH3=TART.NE.S .0 ICODE.NE.S FREQO280
SATZH4=ALPHA.NE.D.D FREQD290
SATCZH5=L.EQ.4 FREQO300
SATCH6=L.EQ.3 FREQD310
SHNTCH7=SHTCHS .DOR. SWTCH®6 FREQO320
SWICHB=IWSCPS.NE.D FREQO330;
1F{.NOT.SWTCH2) GO TO 401 FREQ0340,

REWIND & FREQ0350
READ(4) ID,CHNLND FREQD360

401 CALL HEADER FREQO370

T WRITEUG,14) HEAD i FREQQ380

14 FORMAT(140,27H FREQUENCY RESPONSE PROGRAM // 1X,13A6,1A2 7/ ) FREQ0390:
IF(SWICH1) PUNCH 13,HEAD FREQ0400]
WRAITE(6416) NyIlsJyLs PLCODE,PCODE, IWSCPS,ALPHA FREQO410

16 - FORMAT(1H4 ,18H CONTROL CARD WAS-,13,12,211,3[2,9H ALPHA =Fl4.8) FREQ0420
IF(.NOT.SWTCH8) WRITE(6,18) FREQ0430;

18 FORMAT(1X/ S1X,194 RADIAN FREQUENCIES /7 ) FREQ0440;

, IF({SWTCH8) WRITE(6,4018) FREQD450
4018 FORMAT(]1X/ S51X,19H FREQUENCIES IN CPS / } FREQO460!
WRAITE(6,1T) (W(M)gM=1,N)} FREQO47%

17 FORMAT(LlH ,8F16.7) FREQD48O
IF{NDT.SHTIGH2 -0 (.NDT.SWICH3)) FREQ0490;
IF(SWTCHT) L=1 ""FREQDO500
HALFO=DELTAs .5 FREQOS510

. T0=2.0 FREQD520
c FREQO530
C READ IN FIRST DATA PODINT FREQDS540-



c FREQOS5501

800 [DF{SWTCH2). GO TO B802* : FREQO560
T BOI REWIND §° i T —  FREQUSTU.
READ(B). IDyCHNLNO FREQO580
READ{B) STOR FREQO0590
TFTSWICH7Y GO 170 I801 """ FREQU&0U
AD=STOR(I+1) FREQO610

GO TO 703 FREQQ620

1801 REWIND 9 — i “FREQUE30
READ(9) \D, INTHO,DTJK.KOK FREQD640
READ(9) STOR2 FREQO0650
TFTKOK.LT.KY K=K0X FREQO5660
IFCINT({DELTA~-DTOK)#1.0E+7).NE.O) GO TO 2005 _ FREQO670
AD=STOR2{T+1) : FREQO680
“TF{SWICA5) AO=A0-STOR{I+I] ' i " FREQU&690

.63 TO TTT FREWU 7OV
2005 WRITE(G4008) ~ FREQUILV
608 EORVAT(IHO46H DELTA V'S WERT DIFFERENT FOR THE TWO CHANNELS ) FREQD7Z20
RETJRN FREQOD730

802 READ(4) BUFF FREQO740

i “IF(SWICH3) GO T0O 833 ' T ' = FREQU750
AD=BUFF(2) FREQD760

GO TO 7903 . ) FREQD770

803 AD=BUFF(I+1) FREQD780
IF(L.EQ.2) GO TO 723 FREQO790

777 BI=BUFF{J+1) FREQO800

™ TF(SWICH4) BD=BO®CcXP(-ALPHA=TOY o F )
o . FREQ0820
703 IF{(SHWTCH%) AOD=ADSEX?{-ALPHA#TODO) o ~ _FREQO830
CALL TYPE(IH ,1,0]} FREQDE40

CALL TYPE{36H PRDO3RAM N3W ENTERS LONG NORMAL LOOP,36,0) FREQO850

GO TO (1,2),L FREQO860
TP 3 RI,N T - e ERE ORI

: lF(sztHa) WiM)= w(M)-b.2831853o72 . FREQO880
LILIENR o _ o ) FREQO890
D(M)=0. FREQOI00

DEN= Z.DSIV(H(M)-HALFD) : FREQO910
NJM=W(M)#DELTA FREQ0920

— PINT=(AOSNUNI/DEN — —————FREGNGIN
3 S(M)=({BD=2NUM)/DEN FREQOD940

_ G3 7O 2D , ) B FREQO950

2 DD B M=I,N FREQDI60
IF(SWTCHB) W(M)=W(¥)#6,2831853072 FREQO970
R(M)=0. : FREQ0980

St =0 —ee— e —_— —FREQ0990

. DEN~2-ISIN(H(M)-HALFD) ‘ PREQL10O00
NJM=W{M)*DELTA 3 , B FREQ1010
P{M)=(AD*NUM)/DEN ] FREQ1020

. 8 D(M)=-((H(M)-NUM)/DEN) FREQ1030
20 DO 19 NL=2,K ’ FREQ1040

o “T1=FLOAT(NL-11eDELTA — — ~ 7~ o i FREQ1050
c . . FREQL1060
c READ IN ANOTHER DATA POINT FREQLlO70
c - FREQLOB0
810 [IF{SWTCH2) GO TO 812 . ' . FREQ1090
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8ll Ke&=<(4+s FREQ1100
[IF(<4.LT.%00) GO T3 3811 FREQ1110
READ(8) STOR ' “FREQII20
IF(SWTCH7) READ(9) STOR2 FREQ1130

) Ke=1 FREQ1140

3811 11=K6&+I FREQIIS0
[F(SWTCH7) GO TO 1811 FREQ1160
A1=STOR(II) FREQL170
GD 1O 713 T FREQI180

1R1Y A1=STIOR?(II) - FREQ1190
IF(SWTCHS5) A1=A1-STIR{II) FREWLZUU
GJ TO 888 FREQLZ210

312 K&e=<4+2 FREQ1220
IF(SWTCH3) K&4=KbH+& FREQ1230
IF(X4.LT.600) 5O T) 3812 TV FREQL1240
READ(4) BUFF " FREQL1250
Ka=1 " FREQ1260

3812 IF(SWICH3) 50 TO 813 FREQL270

- Al=BUFF(<K4+1) FREQ1280
G0 TO 713 FREQ1290

813 [1=<4¢1 “FREQI300
AL=BUFF(1I) FREQ1310
IF(L.EQ.2) GO TO 713 _ FREQ1320

888 lJ=<4+) FREQ1330
Bl=3UFF(IJ) FREQ1340
IF(SWTCH4) Bl=Bl#EXP({-ALP4A%T1) FREQ1350

C ‘ FREQ1360

713 IF(SWICH4) Al=AL®#EXP(-ALPHA=T]) FREQL370
DIFA=A1-AD FREQ1380
DIFB=B1-BD FREQ1390
TIME=TO+HALFD FREQ1400
GO TO (5,6),L FREQL1410

5 DD 7 M=1,N "FREQ1420
AN=d (M) #TIME FREQ1430
PART=SIN(AN) FREQ1440
PART1=COS(AN) FREQL1450
R(M)=R(M)+DIFA«PART FREQ1460
P(M)=P{M)+DIFA®PART] FREQ1470
D{M)=D(M)+DIFB#PART FREQ1480

7 S({M)=S(Y)+DIFB#PART1 FREQL1490

22  AJ=A1 FREQL1500
BJ=31 FREQ1510
T3=T1 FREQL1520
G3 10 19 FREQ1530

6 DI 3 M=1,N FREQ1540
AN=A (M) # T [ME FREQL550
PART=SIN(AN) FREQ1560
PART1=CIS(AN) FREQLS70
R{M)=2(M)+DIFA=PART FREQ1580
P(M)=P({M)+DIFA=PARI] FREQ1590

9 CONTINUE FREQL1600
GO TO 22 FREQ1610

19 __CONTINUE FREQ1620

o FREQ1630
C PRINT OUT RESULTS FREQ1640

187



C. FREQ1650’
NCT=50 FREQ1660

TIC= =29809118256 ; ' — ’ ~FREQTST0

[aM=.. -5113056304 : FREQ1680

DO 41 M=1,N FREQ1690

DEN"= DIMISD(MT + STHI#S(HT FREQI 700

REA =(R(M)#D(M)+P(%)#S(M))/DEN FREQL1710
ASIN=(D(M)#P(M)-R(M)®S(M))/DEN . FREQ1720
===—"—CALL ANGRAD(REA,A5IN;G,ANG] e : FREQIT30
c ‘ ' FREQ1740
IF(SWTCHB) W(M)=N(¥)#0.159154943 FREQ1750
X(M)=ACOGTO(W(MY] FREQI780

c FREQL1770
IF(5.EQ.0.0) G=1.DE-30 FREQL780
————VTHY=Z70:0+*ALOBI0(B) ) T = FREWL I9U
Z{M)=ANGY5742957795-360.0" FREQ 1800

c ‘ : FREQ1810
NCT=NCT+1 FR=UIB20
IF(NCT.GT.45) GO T3 39 FREQ1830

40 WRITE(6515) WIM)oX(M),REALAGINGG,ZIM)oY(M) . FREQ1840

15 FIRVATI3X,Fl4.4,3X,F7.3,3(3X,1PEL4.71,3X,0PFI4. B’?Y‘UFFYF“TT__—_TREﬁTBKU
IF(SWTCHLIPUNCH 604, ID,W{M)43EA,AGEN,ZIM),Y (M) FREQ1860

604 FORMAT(I104Fl4s4s1P2E14.7,0PF14.8,0PFl4.7). FREQ1870
GO 70 &1 FREQISB0

c FREQ1890
c WRITE PAGE HEADING FREQ1900
¢ £ _PAsE HE _ —— : —— FREGIITIO
39 CALL HEADER FREQ1920
IF(SWTCH7) GO TO 3039 : "FREQ1930
TF(L.EQ.1) WRITE(5,500) TD,CANLNO,Y,10C,J FREQT 940

600 FIRMAT(140,11H RECORD NOJ 112,9H CHANNEL I3,5X,20H NUMERATOR WAS FREQ1950
1W03DI2,A1,21H DENOMINATOR WAS WORDI2 ) FREQ1960
TF(LU<EQ.2) WRITE(6,600) ID,CHNLNO, T ——— ""FREQI9T0

60 TO 3040 : FREQ1980

c _ FREQ1990
3039 TF(SWTCHS] WRITE(G,605) ND,INTWO,IQM, 10, CHNCNO FREQZ000
IF(SWTCHA) WRITE(6,605) ND,INTWO FREQ2010

__FORMAT(]1HO.46H NUMERATOR
1

SMNNTHFN NATA FROM RFLNRD NN 110, FREQ2020Q

WAS

94 CHANNEL T3,1X.Al,34HIN

2HANNEL I3 ) FREQ2040
WRITE(6,606) 1D,CHNLNO FREQ2050
606 FORYAT(1X/47TH DENDVWINATOR WAS snoorneo DATA FROM RECORD NO 110, FREQZ060
1 94 CHANNEL I3 ) FREQ2070
C . FREQ2080
3040 IF(SWTICHB) WRITE(G6,3045) — i i ' FREQZ090
3045 FORMAT(1HO19H FREQUENCIES IN LPS ) FREQ2100
WITE(6,601) FREQ2110
501 FJRMAT(15HO FIEDUENCYSX,6H LOG WoX,11H REAL G(IW).5Xs12H IMAFREQZI20
1G. GUIW),7X,TH MAG. 3,8X,12H PHASE ANGLE,3X,15H 20 LOG(MAG. G) /) FREQ2130
NCT=1 FREQ2140
GD TO 40 ‘ i ' o i FREQ2150
o . FREQ2180
41 CONTINUE . , L ‘ FREQ21T70
C FREQ2180
CALL ETIMX{ITM,ICALM,RCALS) FREQ2190
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IF(PLCODE.GT.O) GO TD 7000 FREQ2200

WRITE{6,502) ICALM,CALS FREQ2210

602 FORMAT(1HO,27H CALCJLATIONS REQUIRED™ 4 SH MIN F4.T,4H . Q o)

1 20HAND PLOT(S) REQUIREDI3,54 MIN F4.1l,4H SEC ) FRZQ2230
RETJRN ) . FREQ2240

C . FREQ2250
o PLOT SECTION ' FREQ2260
C : FREQ2270
7000 ITPIRT=4 ‘ T T T T ~ FREQZ2280
IF(SWTCH2) ITPORT=A . FREQ2290

CALL LSCALE(W,Ny10.0,WMIN,DW,1) ) . FREQ2300

c FREQ2310
o MAGNITUDE PLOT FREQ2320
o . FREQ2330
LABELX(1)= ~17559804468 ’ T T T T TTTTTFREQ2340°
LABELX(2)= 23174548505 _ FREQ2350
LABELX(3)= -6179153216 T FREQ2360
IF(SWTCH8) GO TN 7002 FREQ2370
LABELX(1)= -17872275025 FREQ2380
LABELX(2)= -6179951976 FREQ2390
LABELX(3)= -21836938800 T ‘ T ) ~ 7 " FREQZ2400

7002 CALL SCALE(YyNyT7.0yYMIN,DY,1) FREQ2410
o FREQ2420
CALL DRAW(999,1,2,N,100,1TPIRT,.FALSE.+YsR¢Py FREQZ2430

1 192.)9WMIN,DW,7.0,YMIN,DY, FREQ2440

2 HEAD,20HMAGNITUDE (DECIBELS) ) FREQ2450

DD 503 u=1,N ' ' " FREQ2460

503 CALL SYM3LJ(W(M)}-D2.23125,Y({M)-0.035, 0.07,1H0,0. 0s1) FREQ2470
CALL LAXIS(0.0y0.0,LABELX418,10.0+0.04WMIN,DW) FREQ2480
IF(PLCODE.EQ.1} 3D TO 2505 FREQ2490

o FREQ2500
o PHASE PLIT FREQ2510
— . S— S — —FREQ2530
7003 CALL SCALE(Z4Ny7.0,ZMINysDZ,1) : FREQ2530
o FREQ2540
CALL ORAW{999,1,2sNs 100, ITPORTy.FALSE.yZ+sRyPy FREQ2550

1 10.0,WMIN,DW,7.0,ZMIN,DZ, FREQ2560

2 HEAD,20H PHASE (DEGREES) ) . FREQ2570

DI 505 M=1,N ' T FREQ25R0

505 CALL SYM3LJ(W({M)=2.23125,2{M)-0.035,0.07+1HX»0.0,1) FREQ2590
CALL LAXIS{040,0.04LABELX4184,10.0+0.0,WMIN,DNW) FREQ2600

o FREQ2610
2505 CALL ETIMX(ITM,IPLTM,RPLTS) FREQ2620
WRITE(6,602) ICALM,ICALS,IBLANK,IPLTM,RPLTS FRED2630

" RETURN : : o ' T T 7 FREQ2640

o . FREQ2650
~_END FREQ2660
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C FORTRAN SUBROUTINE WHICH. READS. CARD INPUT DIRECTLY INTO: INPTOCO00

C“—‘“’FKUCESSrNG”pRUGRIMS“REIcTTVTYY“AND "FREQUENCY "RESPONSE. ~ """ "TNPTOOIU
INPT0020

SUBROUTINE INPUT(PART,ICODE.K,DT,IPNLST) INPTO0030

N e e e e e e INPTO0%D
"COMMON. DATA(2021) INPT0050
DIMENSION A4(4),B84(4)+A6{6),B6(6),FMT(14),STOR(400),BUFF{600) INPT0060

T EQUIVACENCE TDATA{IY A%, AB),,(DATA(7),STOR), (DATATUH07Y,BUFF)Y ~~—~ INPTOUT7U
INTEGER PART,CHNLNO INPT0080
LOGICAL SWTCH1,SWTCH2 ‘ INPTO090

[of T T e e e INP TO 00
CALL TIMX(ITM) INPTO110
READ(S,901) IDyIDL,ODT . INPTO120

T 901 FORMATUT9,AT,EI0.5) : INPTOT30
CALL TRASOLIN,IDL) ' INPTO14U

925 WRITF(A.1311N,NT INPTO190
I3~ FORMATUTIAO, l6H INPUT CARD WAS TIO0,F13.6) " - INPTCOT80

: SHTCH1=IPNLST.EQ.O INPTOL170
IF(SWTCH1) WRITE(6,813) INPTO180

T 8Y3 FORMAT(IRO,I6H LISTING DELETED ) INPTOIS0
c : INPT0200
KX=0 INPTO210
SWICH2=-FALSE. “TINPT0220

INM=0 ' INPTO230
CHNLNO=1 , INPT0240
TF(SWTCHIY GO 10 912 INPT0250
CALL HEADER . . INPT0260 -
WRITE(6,913) 1ID INPTO0270

913" FORMA T(1H0.45¥.z9H“UITI‘REIU‘TN“WEtURU—NUﬁBER T10 7} INPT0Z280
912 PART=PART-3 INPTO0290
GO TO(14,16),PART INPT0300

"~ 14 REWIND 8 TNPTORI0
WRITE(8)1D,CHNLNO INPT0320

KS=-3 INPTO0330

GO TO 18 INPTG340

16 REWIND 4 INPT0350
WRITE(4)1D,CHNLNO INPT0360

KS==5 _ T TNPTO370

18 IF(ICODE.EQ.0) ICODE=1 INPTO0380
IF(ICODE.NE.4) GO TD 20 ] INPT0390

READ(S ,9)NOCHNL, FMT . TNPT0400

9 FORMAT(I1,13A6,1A1) INPTO410

D0 19 I=1,6 INPT0420

19 A6(1)=0.0 INITOZ30

o INPTO%40
c READ DATA CARDS INPT0450
C TNPTO%60
20 GO TO0(100,200,300,400),ICODE INPTO0470
100 GO TO(101,102),PART INPT0480
101 READ(5,21ND,A% INPT0%90

2 FORMAT(I10,4E16.9) . : INPT0500

GO TO 600 INPTOS510

"7 102 READ(5,3)ND,A6 TNPTO520
3 FORMAT(I10,E10.8,5€E12.9) INPT0530

GO0 TO 600 INPT0540
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200 GO TO (201,202) yPART : : INPTO550

" 201 READ(5,4)YND, (A4(T),B4(I),I=1,4) . TNPTO560
4 FORMAT(I10,4(F8.8,A2)) . . INPTOS570

: GO TO 344 ) INPTOS580
T202 READ(S,SITND, TAGTIY,,86TT),I=1,6) - INPTO0590"
5 FORMAT(110,6(F8.84A21)) INPTO600

203 GO TO 346 INPTO610
300 GO TO{301,302),PART INPTO620"
301 READ{S5,6)ND,NDL,y(A4{]),84(1),1=1,4) INPTO0630

¢ FORMATII9.Al+0(F8.8+A2)} INPT0640

GO TO 344 INPTO650"

302 READ(S546)NDyNDL,(A6{]),B6{I),1I=1,6) INPT0660
346 CALL DATH6S0{A64B6,6) INPTO670
GO TO 345 INPTO680"

344 CALL DAT650(A4,B4,4) INPT0690
345 CALL ID650(ND,NDL) INPTO700

- GO TO 600 T - INPTOT710™
400 GO T0{(401,402)4PART INPTQ720
401 READ(S5,.FMTIND,A4{1)y(A4(]I+1),I=1,NOCHNL) INPTO730
GO YO 600 T TINPTOT407

402 READ(5+FMTIND,A6(1),(A6(I+1),1=1,NOCHNL) INPTO750

Cc INPTO760
~T600 TIF(ND.EQ.0) GO TO 618 T T T T T INPTOTT0T
601 IF(ND.NE.ID) GO .TOD 620 INPTOT780

Cc INPTO790
T CHECK TIME SEQUENCE OF CURRENT CARD T I mm T O INPT0800
Cc INPTO810
1F{SWTCH2) GO TO 602 INPT0820
SWTCHZ=.TRUE. - - TTTTTINPTO0830

GO TO 603 INPTO840

602 IF((ABS(A4(1)-0OLDT-DT)).GT.(DT#1.0E~01)) GO TO 630 INPT0850
603 OLDT=A%4(T]} T s = INPTOB60

- C INPTO870
o4 STORE AND PRINY INPUT DATA INPTO0880
'C’" i e e INPTOBY0 -
GO TO0(604,606),PART INPT0900

= C INPTO0910
604 KSEKS+4 - o T INPT0O9207
STOR(KS)=A4(1) INPTQ930
STOR(KS+1)=A4(2) INPT0940

T T STOR(KS#2T=A4T137 e T T = INPT0950
STOR(KS+3)=A4(4) . INPT0960
IF(KS.LT.397) GO TO 20 INPTO0970 -

T WRITEUSY STOR T T INPTO980
KX=KX+1 " INPTO0990

KS=-3 INPTIOOO
TTF{SWTCHI)Y "GO"TO 207 — T e e “INPTIO10
WRITE(6,914) (STOR(I) STOR(I+1),STOR(I+2),STOR(I+3),STOR(1+200}, INPT1020

1 STOR(T+201) ,STOR{I+202),STOR({1+203),1=1,197+4) INPT1030
TTOYGT T FORMAT (IR S FI3.633F 167 F20.633FI6.T Y- 777 TorTTTmm T T INP T L0400
CALL HEADER INPT1050
WRITE(64916) INPT1060

916 FORMATUTIHO,52X724H DATA READ 'IN, CONTINUED /"y~ 7" =70 === "INPT1070
. GO TO 20 INPT1080

C INPT1090
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606 KS=KS+6 INPT1100
T BUFF{KS ) =AS(YY T T T T T —INPTITIU
BUFF(KS+1)=A61(2) INPT1120
BUFF(KS+2)=A61(3) ) INPT1130
BUFF(KS+3)=A6(4)Y "~~~ - T T T e e e e INP TII40

BUFF (KS+4)=A6(5) INPT1150

BUFF (KS+5)=A6(6) INPT1160

T TTTTIFURSILT.S95) TGOTD 20T T T T T e INPTIITU
WRITE(4) BUFF ~ INPT1180
KX=KX+1 . \INPT1190
T e e e TG0
IF(SWNTCH1) GO To 20 INPT1210
WRITEL6,915) (BUFF(1),1=1,300) INPT1220

Y15 FURMAI{LH ,F1Y9.6,5F21.,8) =~ "~ "™ =ooemes T —INPTIZ30
CALL HEADER INPT1240
WRITE(6,916) INPT1250
TTWRITE(64915) "(BUFF(I)Y,1=301,600) T T T T T T INPYIZ260
CALL HEADER INPT1270
WRITE(6,916) INPT1280

o e O P - e e = e . INPT1IZ90"
(o INPT1300
620 INM=1 : INPT1310
o "GO0 TOT®I8T T T T T oo - TNPTI320°
630 [INM=2 INPT1330

(o - INPT1340
c TPRINT OUT CASTY RECORD ~— —~ ~ T T T T T T T T T T TR TI350°
o INPT1360
618 GO T0(704+706),PART . INPT1370
co e e . . e e NS T TTRO
704 IF(KS.LT.397) WRITE(8) STOR INPT1390
K=¥X21000 (KS13)/4 INP T140U

T IF(SWTCHI .OR.KSCEQL397) GO TO 619~ 777 ~— 77 w0t 2 T T INP YIS TO
IF(KS=200)701,701,702 ) INPT1420

701 WRITE(6,814) (STOR(I),STOR(I+1),STOR(142),STOR(I43),1=1,KSy4) * INPT1430
814 FORMAT(1IH F13.6,3F16.7) ’ T TTTINPTL44Q
G0 TO 619 INPT1450

702 WRITE(6,914)(STOR(1=200),STOR(I~199),STOR(I-198),STOR(1-197), INPT1460

T STORTI) ySTORTT#L )V STOR(T+2),STOR(T+3),1=201,KS,4)~ ~~ 77~ 77" " INPTI&T0

WRITE(64814) (STOR(I=196),STOR(I-195)+STOR(I-194),STOR(I~193), INPT1480

1 1=KS,393,4) INPT1490

T TOTRI T T - T TTTINPTISO0
c INPT1510
706 IF(K4.LT.595) WRITE(4) BUFF INPT1520
T TKEKX# L00F (KS¥5Y 76 T T - T INPTIS30
IF(SWTCH1 .OR. K$S.EQ.595) GO TD 619 INPT1540
LST=MINO(295,KS) INPT1550
TTWRITE(6,915) BUFFUTT;BUFFT2);BUFF(3),BUFF(4),BUFF(5), """ "~ """ INPTI560

1 (BUFF(J¢5),J=1,LST) INPT1570
IF(KS.LT.301) GO TO 619 : INPT1580

T UUTCALL HEADER TS T T e T T TTINPTISG0
WRITE(6,916) “TNPT1400
WRITE(6,915) BUFF(301),BUFF(302),BUFF(303),BUFF(304),BUFF(305), INPT1610
TTT(BUFF(J+5),J53017KST T TINPTI620
619 PART=PART+3 INPT1630
IFUINM.EQ.0) GO TO 970 INPT1640

e e e eam i e n 4 e o . g e e e
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C INPT1650
b C ERROR MESSAGES INPTI660
(o INPT1670
GO TO (720,730),INM . INPT1680

720 WRITE{(4,10) NO,As(1] - TNPT1690
10 FORMAT(1HO,17H WRONG ID NUMBER I10,F19.6) INPT1700

) GO TO 635 . INPT1710
730 WRITE(6,11YND,A4(I) INPTIT20
11 -FORMAT(1HO,19H CARD OUT OF ORDER 110,F19.6) INPT1730
A35 RFANES.AINAM INPT1740
ITFINON.NE.O) GU TO 635 B INPTITS0

K=0  INPT1760

970 CALL ETIMX(ITM,IETM,RETS) INPT1770
_WRITET6,975) IETHM,RETS INPTIT780

975 FORMAT{1H0,27H DIRECT DATA INPUT REQUIREDI4,5H MIN F4.1l,4H SEC ) INPT1790
RETURN ) INPT1800

C : INPTIBTIO
END INPT1820
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~MEMORY MAP

SYSTEN,

INCLUDING 10CS

00000 THRU 12123
FILE BLOCK ORIGIN 12132
" 77NUMBER CF FILES -
Qs FTCO3. . - 12122
2. FTCO4. 12155
3. FTCo8. 122¢0
4. FTCO09. 12223
"S. S.FBIN T 12246
6. S.FBOU 12211
8. FTCl10. 12337
OBJECT PROGRAM . 12362 THRU 5467C
1. DECK '/FILES?® 000C0
2s  DECK 'MAIN o 12362
3. DECK 'GNTAPE' = 14513
4. DECK *'SUBCNT' =« 21147
5. DECK 'TREAD ' = 21342
" 6. DECK TBACK 7 T 213¢5
7. DECK 'TYPE ¢ 214C3
8a DECK_‘TYPEN * 21423
9. DECK *BBCCL ° 214174
10. DECK 'HEADER® » 21650
11. DECK 'TCDAY ! 21750
12. OBCK 'ANGRAD' = 217717 "
13. DECK *SPERT1' =+ 221¢4 h
l4. DECK ‘DAT650! 22446
15. DECK 'PLOT ¢ 22542
16. DECK 'LINE ¢ 240C3 ,
17. DECK_YSCAL ° 24054 )
18, DECK *LSCALP? 29191
19. DECK *DXDY °* 24257
20. DECK *AXIS ¢ 244¢€3
21. DECK 'LCXDY * 24713
22. DECK fLAXIS 250120
23.  DECK _'NUMBER® 253¢7 e
24. DECK 'BCDFL * 25526
25. DECK *SYMBLJ® 255¢3
26a DECK STIMX ¢ 263117
27. DECK 'ETIMX ¢ 26327
28. UECK fMAXMIN' = 26453
29. DFCK '1D650 ¢ 26513
30. DECK ‘'SCA ¢ 26620
31. DECK 'UNLGAD® 211¢6
.32, . DFECK *'SET  # 21242
33. DECK 'XEM ¢ 27257
34, DECK 'SMOOTH® = 27514
* 34302 . e e

——35. DFCK 'REACT *
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36. DECK 'DRAW . 40041
“3.7. DECK "FREQ ' « 421C5
38. DECK *INPUT * & 45222
39, SUBR 'INSYFB!* 00060
40. SUBR *CUSYFB! 000CO
41. SUBR 'POSTX 47210
42, SUBR 'PPSYFB!' 000C0 —
43, SUBR 'fFPC . 41327
44, SUBR 'FO3 ’ 47330
45. SURR_'EQS ' _471311
46. SUBR *'FO5 ' 47332
47. SUBR 'F06 ' 47333
48, SUBR *f08 L 47374
49. SUBR *F09 ' 473135
. -S0. SURR F10 ' 47336
Sl. SUBR 'I0S ' » 47337
S2. SUBR 'RWB ' 47636
53, SUBR 'RWD J 502¢4
S4e SUBR 'ACY ' . 51202
" 55. SUBR 'ECY ¢ « 51235
S6. SUBR 'FCV ' . 514C1
57+ . .SUBR 'GCV 0 . 51733 .
58. SUBR 'HCV ' 52032
$9. SUBR *'ICV ¢ =« 52157
60. _SUBR *ICV ' e 52525 . — _
"61. SUBR '0CV LR 52516
62. SUBR *XCy ' 527C4
63, SUBR 'SiL1 ' 52732
64. SUBR *'SLO ' 52755
65. SUBR 'EFT ' 530C0
6b6.  SUBR 'RNWT J 53017___. —
67. SUBR 'FPT . 53036
68. SUBR *XIT ' 53320
69. _SUBR *'XP1 ' 53322 e
70. SUBR *xp2 ' 53430
71. SUBR 'XP3 ' 53542
12.  SUBR _'XPN ' 53633
73. SUBR 'ATN ' 53741
74. SUBR 'LCG . 54155
5. SUBR *SCN L 54341
76. SUBR *SCR ' 54573
(= -~ INSFRTIONS OR DELFTICNS MADE IN TIHIS DECK)

INPUT - CUTPUT BUFFERS

64714 THRU 74005

BLANK COMMON ORIGIN

74006

54671 JHRU 64612

UNUSED _CCRE
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C FORTRAN ROUTINE TO PUT CARD DATA INTO SPORT TYPE-5 FORMAT. CDTPOO0OO
(T . — e et e o+ . GDTPOO1Q
o REQUIRES SUBROUTINES TYPE,BCFX,BCDFL,UNLOAD AND THESE FILE CARDS CDTP0020
c CDTP0030
C $FILE *FTC03.*',U03,U03,BLOCK=2022,00UBLE,LRL=2021,RCT=0001 CDTP0040
c $ETC EOR=REORX. s EDF=REDFX+ s ERR=RERRX.,TYPE3 COTP0050
o $SFILE *FTC04.*4U04,U04,BLOCK=2022,00UBLE,LRL=2021,RCT=C001 COTPOO06O
C.. .. SETC EOR=REQRX.,EQOF=REOFX, s ERR=RERRX ., TYPE3 _ | . .._..CDTPOOT70
c CDTPOO8O
DIMENSTON STOR{Z01Y),UAIALZUVU) oPMT{14)};DUMMY(10) CRTROQQO

~ EQUIVALENCE (STOR(15),KOUNT), {STOR(17)510)5(STOR(18),T0), COTPO100
1 (STOR{19),DT),(STOR(20),DATA) COTPO110

C cDTPO120
C _READ. CONTROL_CARD_ . COTPO130
c cOTPO140
READ{S5s1) MOUNT,IREEL,ND, TSTART,DELTAY CDTPO1S50
... FORMAT(I2,16+2X,110,2E10,8) . _. ... ... ... ..CDTPO160.
c . COTPOL170
c IF MQUNT = 1, OPERATOR WILL MOUNT REEL *IREEL® ON S.SU03. CDTPO180
€ _1F MOUNTY = 0, THIS OATA WILL BE FIRSY ON THE OUTPUT TAPE. . CDTPO190
o } CDTP0200
(o THIS DATA WILL HAVE IDENTIFICATION NUMBER *ND*. THE FIRST DATA  CDTPO210
c_. VALUE WILL BE_AT_°*TSTART® AND THE TIME INCREMENT BETWEEN_SUC-___ CDTP0220
c CESSIVE. DATA VALUES WILL BE ASSUMED TO BE *DELTAT®. CDTP0230
c CDTP0240
_._REWIND. 4 CDTPO250
ICONT=0 C0TP0260

c cCDTPO270
£ . MOUNT PREVIOUS DAYA TAPE (IF ANY) AND TRANSFER RECORDS TO_ S.S5SU04 CDYP0280Q
c CDTP0290
I1F(MOUNT.EQ.0) G" TO 5 CDTPO300

o CALL. TYPE(1H. 51,0} ) CDTPO310
CALL TYPE(18H PLEASE MOUNT REEL,18,0) CDTP0320

CALL BCFX{(IREEL,IPEEL2) CDTPO0330

— . .CALL TYPEU(IREEL2:%5:0) e e e e e COTPQ340
CALL TYPE(38H ON <.SU03 AND PRESS START TO CCNTINUE,38,1) CDTPO350

c CDTP0360
...... REWIND 3 .. _ cDIPO370
WRITE(6+2) IREEL COTPO380

2 FORMAT(1lH1,40H RECORDS ‘TRANSFERRED TC S.SUO4 FROM REELIS // CDTPO390
1 .59H_.. FILE INDX_ . IPENTIFICATION NO _ INITIAL TIMF __ DELJA T//)CDIPQ400
c CDTP0410
3 READ(3) STOR CDTP0420
_IFLID.EQ.0). GO I 5 CDTPO430
KOUNT=1CONT CDTP0440
WRITE(4) STOR COTPO450

_____ — WRITE(644) KOUNTLI1D.INDT __COTPO4AO
4 FORMAT(1H ,17,118,F20.6,F14.6) CDTPO470
ICONT=ICONT+1 CDTP0480

— GO X0 .3 C0IP0490Q
c COTP0500
c READ IN CARD FORMAT CDTPOS10
i U . —_ CDTPQS20.
5 READ(5,6) IDATNO,FMT COTP0530
CDTPO540

6 FORMAT{I1,13A6,1A1)
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COOOOOOO0OOO0

[aNeXel

[aXeN el e X el

10
11

12

A NON-ZERC INTEGE® IDENTIFICATION NUMBER MUST PRECEDE THE TIME
AND DATA VALUES ON EACH DATA CARD. IF THERE IS MCRE THAN ONE
DATA VALUE PER CARD, *IDATNO' IN COLUMN ONE MUST BE THE NUMBER

OF THE DATA TO BE USED. TO PICK UP THE SECOND DATA VALUE, ENTER

CDOTPOS550

_CDTPO560

CDTPOS70
CDTPO580
_€DTPO590

A TWO IN COLUMN ONE, ETC. THE FORTRAN FORMAT STATEMENT DESCRIB;

"CDTP0600

ING THE DATA SHOULD BE ENTERED (MINUS THE WORD FCGRMAT) SCMEWHERE CDTPO610

IN COLUMNS 2-80.

READ THE DATA CARDS

1D=ND

TO=TSTART

OT=DELTAT

DO 8 1=1,2000

RCAD(SyTMT) NDy (OUMMY{J),J=1, IUAINU),UAIAL])
IF(ND.EQ.O0} GO TO 10 _
CONTINUE

KOUNT=1CONT

WRITE(4) STOR

WRITE(649) KOUNT,ID,TO,DT,DATA
FORMAT(1HOsI7,118,F20.64F1l4.6 // 12(1X,1PEL0.3) )
ICONT=ICONT+1

TO=T0+2000.0#0DT

GO TO0 7

ZERD OUT THE REMAINDER OF THE LAST RECORD

00 11 L=I,2000
DATA(L)=0.0

KQUNT=TCOANT

WRITE(4) STOR _
HRITE(bpg’ KUUNT 'IU'TO'DT"DATA(L—I’,L:ZQ!)
READ(5,1) MOUNT,IREELyND, TSTART,DELTAT
IF(ND.NE.O) GO TO 5

EACH DATA DECK SHOULD BE FOLLOWFD RY A BLANK CARD.
THE LAST DECK SHOULD BE FOLLOWED BY TWO BLANK CARDS.

WRITE TERMINAL RECORD WITH ZERO ID NUMBER ANCD CLCSE OUT S.SUO4

10=0

KOUMT=TICONT1
WRITE(4) STOR
WRITE(6+9) KOUNT,TD
END FILE 4

CALL UNLDAD(4)

sTOP

END
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_CDIP0620

CDTP0630
CDTP0640
CDTP0650
COTP0660
COTPO670
COTPQ68O,
COTP0690
CDTPO700
COTPO710
" €DTPOT20
CDTPO730
€bTPO740
COTPOT50
COTPO760
CoTPOTT0
CDTP0O780
CDTPO790

__CDTPO800

CDTPO810
coTP0B20
. CDTPO830Q_
" COTPO840
CoTP0850

—CDTPOBGO

CNTPARTN
coTP0O8B80

_COTPO89Q.

CDTPO900
CcoTPO910

..G0TP0920,
CDTP0930

CDTP0940
CDTPO950
CDTP0960
CDTPO970
CDIPO0980
CDTP0990
CDTP1000
CDTP1010.
CDTP1020
CbTP1030

LOTP1040

CDTP1050
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FORTRAN SUBROUTINE TO READ SMOOTH BINARY OUTPUT TAPES GULP0O00O
S GULPO010

IF THE FIRST ARGUEMENT IS NON-ZERO, THE DATA TAPE WILL BE CALLED GULP0020
FOR AND THE RECORDS CONTAINING SMOOTHED DATA CORRESPONDING TO GULP0030
IDENTIFICATION NUMBER *ID* AND CHANNEL NUMBER *[CHAN' (THE FIRST GULP0040
TWO ARGUEMENTS) WILL BE LOCATED ON THE DATA TAPE. GULP0050
GULP0060

SUBSEQUENT CALLS WITH ZERO IN THE FIRST ARGUEMENT WILL RETURN GULPOOTO
WITH SUCCESSIVE VALUES OF TIME AND COEFFICIENTS C, B, AND A IN  GULPOO8O

THF 1 AST FALIR ARGHFMENTS. GULPOO9Q .
GULPO100 !
REQUIRES SUBROUTINE TYPE AND THE FF FILE CARCS- GULPOL10
: GULPO120
$FILE *FTC04.*,U04,U04,BLOCK=0401,00UBLE,LRL=0400,RCT=0001 GULPO130
$ETC EOR=REORX.yEOF=REOF X+ ERR=RERRX.,TYPE3 GULPO140
' GULPOL150
SUBROUTINE GULP(ID,ICHAN,T,C,B,A) . GULPOL160
GULPO170
DIMENSION STOR(4CO) GULPO180
INTEGER CHNLNO GULPO190
GULP0200
IF(ID.EQ.0) GO TO 100 GULPO210
GULP0220 J
MOUNT DATA TAPE GULPO230 ¥
GULPO240 "
CALL TYPE(1H ,1,0) GULPO0250 i
CALL TYPE(26H MOUNT DATA TAPE ON S.5U04,26,0) GULP0260 PRI
CALL TYPE(L1H ,1,0) GULPO270
CALL TYPE(24H PRESS START TO CONTINUE,24,1) GULP0280 s
GULP0290 ¢
FIND RECORD GULPO300
) v GULPO310 3
REWIND 4 " 6ULPO0320 1
2 READ(4) ND,CHNLNG,DT,K © GULPO330 ST
IFIND.EQ.20000000002) GO TO 20 "GULPO340 Lo
IF(ND.NE.ID) GO TO 2 GULPO350 ‘ :
IF{ICHAN.EQ.O0 .OR. CHNLNO.EQ.ICHAN) GO TO 10 _GULPO360 P
G0 TO 2 GULPO370 .o
GULPO380 -
SET-UP INITIAL PARAMETERS " GULPO390
GULP0400
10 IF(K.EQ.0) GO TO 500 GULPO410
NCR=(K-1)7100 GULP0420
NMAX=42K-NCR*400~3 GULP0430
KR=397 GULP0440
NRR=0 GULP04S0
RETURN GULP0460
GULPO470
ERROR MESSAGE IF UNABLE TO FIND CORRECT CHANNEL GULPO4RO
GULP 0490
20 WRITE{6,21) 1D, ICHAN GULPO500
21 FORMAT(1HO,36H NO DATA WITH IDENTIFICATION NUMBER 110,20H AND CHAGULPOS10
INNEL NUMBER I1,13H ON DATA TAPE ) GULPOS520
ID=ND GULPOS530
RETURN GULP0O540
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[a X e K el

100

105

iébA

500
501

READ IN NEW DATA- POINT.

IF(ND.EQ.20000000002) REJURN
KR=KR+4 ,
IF(KR.LT.400) GO TO 105
IF(NRR.GT.NCR) GO TO 500
READ(4) STOR

NRR=NRR+1

KR=1

IFINRR.LE.NCR) GO TO 106
IF(KR.GT.NMAX) GO TO 500
T=STOR(KR).

C=STOR(KR+1) .

B=S IURIKR+2)

- AZSFURIKK+3)

RETURN

ERROR MESSAGE IF END OF DATA IS REACHED

WRITE(64501)

FORMAT (1HO+37H END-OF-DATA ENCOUNTERED ON DATA TAPE )

1D=20000000002
ND=ID
RETURN

END
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GULPOSS50.
GULPO560
GULPOST0
GULPO580
GULPO590
GULPO60O
GULPO610
GULP0620
GULPO0630

‘GULPO640

GULPO6&50
GULPO660
GULPO6T0
GULP0680
GULPO690
GULPO700
GULPOT10
GULPO720
GULPOT730
GULPO740
GULPO750
GULPO760

" GULPOTTO

GULPO780
GULPO790
GULPO80O

.GULPOBLO:
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